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ABSTRACT
Constandinidis, Fadwa G. M.S., Department of Chemistry, Wright State University,
2013. Iodo Containing Sulfone and Sulfonamide Based Poly(arylene ether)s.
In an ongoing project involving the synthesis of functionalized poly(arylene
ether)s that carry pendent phenyl sulfonyl groups, the introduction of an iodo group was
desired. The effects of fluorine position on the electrophilic iodination of the 2,4-, 2,6-,
and 2,5- and 3,5-isomers of difluorodiphenylsulfone, DFDPS were studied. The relative
reactivity, toward EAS, was probed via

13

C NMR spectroscopy and verified

experimentally by iodination with N-iodosuccinimide.

The product mixtures and

corresponding structures indicated that intermediate stability did not always correlate to
reactivity. Model studies were also conducted on DFDPS isomers that successfully carry
in iodo groups in a pendent position.
2,4- and 3,5- Isomers of difluoro-N,N-diphenylbenzene sulfonamide have been
synthesized for polymerization by nucleophilic aromatic substitution. Their properties
were characterized by 1H,

13

C, and

19

F NMR spectroscopy and elemental analysis. The

2,4- and 3,5- isomers of difluoro-N,N-diphenylbenzene were polymerized with
Bisphenol-A and the resultant polymers were characterized by TGA, DSC, and SEC. The
isomers were successfully iodinated with N-iodosuccinimide. Model studies and
polymerization reactions on the resultant 3,5-difluoro-N,N-bis(4-iodo)diphenylbenzene
sulfonamide were conducted.

iii
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1.

INTRODUCTION

Poly(arylene ether)s, PAEs, are a class of macromolecules which are heavily
utilized in a variety of industrial applications.

2-4

These high-performance engineering

thermoplastics have good mechanical properties and excellent resistance to oxidation and
hydrolysis. They exhibit notable thermal stabilities and have high glass transition
temperatures, which allow the materials to maintain their physical properties while
operating at high temperature ranges. 2-7 The properties of PAEs can be drastically altered
by subtle changes in chemical structure. As a result, the introduction of functional groups
in order to improve or tailor the properties of PAEs for specific applications has received
considerable attention in recent years.
1.1

Common Poly(arylene ether)s, PAEs
Poly(arylene ether)s are composed of aryl groups covalently linked by ether

bonds. The simplest commercially available representation of PAE is poly(2,6-dimethyl1,4-phenylene oxide), generally referred to as poly(phenylene oxide), PPO, which is
prepared by oxidative coupling. 2,8-10 Another two of the most common representatives of
PAE are poly(ether ether ketone), PEEK, and poly(arylene ether sulfone), PAES. The
general structures, trade names, and thermal properties for each of these engineering
thermoplastics are illustrated below in Figure 1. These polymers are most commonly
synthesized by nucleophilic aromatic substitution (NAS), although there are examples in
which electrophilic aromatic substitution has been utilized to produce PAEs. 2-4,7,11-16

1

O
n
PPO - Noryl®
Tg = 210 oC ; Tm = n/o
O
C

O

O
n

PEEK - Victrex®
Tg = 143 oC ; Tm = 343 oC
O
S
O

O

O
n

PAES - Udel®
Tg = 190 oC ; Tm = n/o

Figure 1. General structures, trade names, and thermal properties of common PAEs
As indicated by the material’s thermal properties, PEEK is semi-crystalline,
containing both amorphous and crystalline regions. The amorphous regions of PEEK are
highly disordered and undergo a second-order glass transition at temperature Tg. The
highly ordered, crystalline regions of the polymer experience melting at temperature Tm.
Polymer melting (Tm) is not observed for PPO and PAES, indicating that the materials
are completely amorphous. 17
1.1.1

Poly(phenylene oxide), PPO
PPO was commercially introduced in 1964. The material has exceptional

properties, which can be maintained over a broad range of temperatures (-45 oC to 120
o

C).

2

PPO has high tensile and impact strength, low creep resistance, and is self-

extinguishing. This thermoplastic is also hydrolytically stable and has a low water
absorption rate. Due to the rigid structure of the polymer’s backbone, PPO has a high
2

glass transition temperature (Tg = 208 ˚C). 2 PPO is prepared by an oxidative coupling
reaction where 2,6-dimethylphenol is oxidized in the presence of cuprous chloride
catalyst and an amine base (Scheme 1). 2,8-10
CH3

CH3
O2

OH
CH3

Cu(I) catalyst
amine base

O

n
CH3
PPO

Scheme 1. Synthesis of poly(phenylene oxide) via oxidative coupling
Although PPO possesses excellent properties, the high processing costs of the
material have greatly restricted its application. One way to reduce the cost of PPO is to
blend the polymer with cheaper thermoplastic materials. The General Electric Company
made use of this idea in 1966 by blending varying ratios of PPO with polystyrene; the
resultant materials were commercialized under the trade name Noryl®. PPO and its
derivatives are heavily utilized in the automotive and electrical industries. The materials
are also used for computer housing and injection moldings in pumps. 2
1.1.2

Poly(ether ether ketone), PEEK
Poly(ether ether ketone), PEEK is classified under a division of aromatic high

performance thermoplastics called poly(ether ketone)s, PEKs. These compounds contain
aromatic rings linked together by ether bridges and ketone moieties in the polymer main
chains. 2,3 Imperial Chemical Industries, ICI, manufactured PEEK in 1978 under the trade
name Victrex®. PEEK is a semi-crystalline polymer with a Tg of 143 ˚C and a Tm of 343
˚C. The material’s high performance temperatures are related to its completely aromatic
structure. PEEK exhibits excellent solvent resistance although it can be dissolved in
3

concentrated sulfuric acid. The solubility properties of PEEK and the material’s very low
water absorption rate make it ideal for applications in high-pressure liquid
chromatography columns and tubing. PEEK has high tensile strength, good resistance to
environmental stress cracking, and low flammability. 2
PEKs, including PEEK can be synthesized by nucleophilic aromatic substitution
or electrophilic aromatic substitution (Friedel-Crafts acylation). Friedel-Crafts acylation
involves three steps. In the first step, the acylium ion is formed by the reaction of an acyl
halide (or acid halide) with a Lewis acid. Acyl halides have two nucleophilic sites located
at the oxygen and at the halogen atoms. As a result, two possible complexes are formed
when reacting with AlCl3 (Scheme 2). The dissociation of the halogen complex (the
bottom pathway) gives rise to the acylium ion formation. 18,19
Step 1:
O AlCl3

AlCl3
R

O
R

Cl

Cl

O AlCl3
R

Cl

O
AlCl3

R

R C O

Cl AlCl3

R C O

Cl

AlCl3

The acylium ion

Scheme 2. Acylium ion formation 19
The second rate determining and reversible step (illustrated in Scheme 3)
involves the electrophilic addition of the acylium ion to the phenyl ring. The pi electrons
of the aryl group attack at the electron deficient carbon atom of the acylium ion. This
results in the loss of aromaticity to yield a resonance stabilized cyclohexadienyl cationic
intermediate. In the third and final step, a proton is abstracted from the intermediate by a

4

Lewis base, aromaticity is restored, AlCl3 is regenerated, and HCl is given off as a
byproduct. 18,19
Step 2:
O

O

Cl AlCl3

R

O

H

R

O

H

R

H

R

Step 3:
Cl
O

AlCl3
O

H

R

AlCl3

HCl

R

Scheme 3. General Mechanism for Friedel-Crafts Acylation chemistry
Bonner at DuPont reported the first synthesis of a linear, predominantly aromatic
PEK, in 1962. The reaction involved the Friedel-Crafts acylation of diphenyl ether with
terephthaloyl chloride in nitrobenzene with an aluminum chloride catalyst resulting in
poly(ether ketone ketone), PEKK (Scheme 4). 11 Unfortunately, Bonner was only able to
obtain low molecular weight polymers using this method as the reaction was subject to
significant branching or crosslinking issues. 7
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n
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Scheme 4. Synthesis of poly(ether ketone ketone) by EAS
Similar attempts to synthesize PEKs by Friedel-Crafts acylation were made by
Goodman 16 at ICI in 1964 and by Brugel 12 at DuPont in 1991. However, their efforts
5

were futile, each resulting in low molecular weight polymers attributed to the insolubility
of PEKs in most organic solvents. This is due to the crystallinity of PEK materials. 7 In
1983, Rose reported a method to synthesize high molecular weight PEKs by FriedelCrafts acylation. 20 In this method, a strong acid solvent, trifluoromethanesulfonic acid,
catalyzes the condensation of carboxylic acid with phenyl ether (Scheme 5). Although
Rose was able to synthesize high molecular weight PEEK using this solvent system, this
application is not ideal for industrial settings due to the high cost of the solvent/catalyst
and the harsh reaction conditions.
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CF3SO3H
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n
PEEK

Scheme 5. Synthesis of poly(ether ether ketone) by EAS
Commercially, PEEK is synthesized by the nucleophilic polycondensation of
4,4’-difluorobenzophenone with a potassium salt of hydroquinone (Scheme 6).

3

The

reaction is conducted at high temperatures (280-340 ˚C) with diphenyl sulfone as the
solvent. Attwood et al introduced this method in 1981. 15 Mechanistically, this reaction
occurs via nucleophilic aromatic substitution, which will later be discussed in detail.
KO

OK
Diphenyl
sulfone

+
F

O
C

O

280-340 oC

O
C

O
PEEK

F

Scheme 6. Synthesis of poly(ether ether ketone) via NAS
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1.1.3

Poly(arylene ether sulfone), PAES
Poly(arylene ether sulfone)s, PAESs are a class of completely amorphous

thermoplastics. These materials are characterized by the presences of sulfone, phenyl, and
ether moieties in the main chains of the polymers. PAESs have high glass transition
temperatures, which are related to the rigid aromatic structures of their backbones.
PAESs also have a high degree of chemical stability, good mechanical strength, and
exceptional resistance to oxidation and hydrolysis. Although PAESs are soluble in polar
organic compounds, they are generally resistant to aliphatics and aqueous acids. PAESs
can be functionalized by concentrated acids, making them key players in the search for
alternative energy, specifically in polymer electrolyte membrane fuel cells, PEMFCs. 21,22
PAESs can be synthesized by both EAS (poly sulfonylation) and NAS (poly
etherification).

2,4

In 1965, Union Carbide developed UDEL®, the first commercially

available PAES. This thermoplastic is prepared by the nucleophilic polycondensation of
4,4’-dichlorodiphenyl sulfone and an alkaline salt of bisphenol A at moderate
temperatures in an aprotic solvent system such as N-methyl-2-pyrrolidone or dimethyl
sulfoxide (Scheme 7). 4 One of the simplest ways to alter the properties of PAES is by
changing the bisphenol unit used in the polymerization process.
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Scheme 7. Synthesis of poly(arylene ether sulfone) by NAS
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n

The structures of some common PAESs synthesized from 4,4’-dichlorodiphenyl
sulfone with various bisphenols are illustrated in Figure 2. As shown below, the glass
transition temperatures of the resultant polymers change with varying bisphenol units.
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Figure 2. Chemical structures and glass-transition temperature of some common PAESs
Poly sulfonation (EAS) is another important method for synthesizing PAES. This
process involves the formation of aryl sulfone linkages by Friedel-Crafts sulfonation.
Similar to acylation, sulfonation occurs in three steps. The first step involves the reaction
of the sulfonyl halide with a Lewis acid to form a sulfonylium ion. This is followed by
electrophilic addition and then finally proton abstraction to yield in a new carbon-sulfone
linkage.
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Scheme 8. Sulfonylium ion formation
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AlCl3

Examples of PAES synthesis by EAS are illustrated below (Scheme 9). 4,23 The
top scheme involves the reaction of two monomeric units, diphenyl ether and bis(4chlorosulfonyldiphenyl)ether. The bottom scheme illustrates polymerization of one difunctional monomeric unit, 4-chlorosulfonyldiphenyl.

Cl

O
S
O

O
S Cl
O

O

bis(4-chlorosulfonyldiphenyl)ether

O

O

O
S
O

Cat.

diphenyl ether
O
S Cl
O

Cat.

4-chlorosulfonyldiphenyl ether

O

n

PAES
O
S
O

O

n

PAES

Scheme 9. Synthesis of poly(arylene ether sulfone) by EAS
Due to the exceptional properties of PAESs, the materials have a diverse range of
commercial applications. PAESs have outstanding insulating capabilities and are widely
used as electrical components. They have exceptional burn resistance and are unaffected
by many electromagnetic frequencies.

4

PAESs are utilized heavily for applications

operating at high temperatures, such as in hair driers, microwaves, and lamp housings. 2
1.2

Polycondensation by Nucleophilic Aromatic Substitution, NAS
Although PAEs can be synthesized by a variety of methods, these polymers are

most commonly produced by nucleophilic aromatic substitution chemistry. Typical NAS
chemistry involves an aryl halide that is activated by a strong electron-withdrawing group
(EWG) located in either the ortho or para positions (Scheme 10). In a first rate
determining and reversible step, nucleophilic attack occurs at the ipso carbon,
dearomatizing the benzene ring. The resulting resonance stabilized anionic intermediate,
known as a Meisenheimer complex, contains both the nucleophile and the leaving group
9

(LG). The second step, normally considered irreversible, involves the return of
aromaticity with the concurrent loss of the halogen LG.
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Nuc
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EWG

EWG
Meisenheimer Complex

X
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Nuc

EWG

X
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Scheme 10. Typical NAS mechanism of a para activated aryl halide
Since the rate-determining step of an NAS reaction is the formation of the
intermediate, the EWG affects the reaction in two ways. It is responsible for activating
nucleophilic attack by decreasing electron density at the ipso carbon and for stabilizing
the anion of the intermediate Meisenheimer complex. Strongly EWGs will increase the
rate of the reaction by decreasing electron density at the ipso carbon and stabilizing the
intermediate, while electron-donating groups (EDG) have the opposite effects.
Halogen leaving group ability is ranked F >> Cl > Br ~ I for NAS reactions.
Considering that a carbon-fluorine bond is about two times stronger than a carbon-iodine
bond, this ranking seems backwards. However, it is explained in fluorine’s
electronegativity and size. Because the rate-determining step for NAS is the intermediate
formation, things that promote nucleophilic attack will significantly increase reaction
rate. The highly electronegative fluorine atom polarizes the carbon-fluorine bond,
resulting in a sigma positive charge on the ipso carbon greater than would be caused by
any other halogen. This promotes nucleophilic attack and stabilizes the anionic
10

intermediate Meisenheimer complex. In the same respect, things that hinder nucleophilic
attack will significantly decrease the reaction rate. Larger substituents like bromine or
iodine can sterically hinder nucleophilic addition in a way that a smaller substituent like
fluorine does not.
1.2.1

Para activated polymer systems
A majority of common PAEs are prepared by NAS reactions of para activated

(4,4’-) monomers with bisphenolates derived from bisphenols. PEEK is synthesized from
an aryl dihalide containing an EWG group (a ketone), located para to the two fluorines in
the monomer. Similarly, PAES is synthesized from an aryl dihalide monomer containing
a sulfonyl group. Poly(arylene ether phosphine oxide)s, PAEPO, is another widely
utilized PAE with tough, rigid, and flame retardant properties. 24 The activating group for
the nucleophilic polycondensation of this engineering thermoplastic is phosphine oxide,
It is important to note here that in these systems, the activating group for the reaction
ends up directly in the backbone of the polymer chain.
EWG para to halogen
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Figure 3. Commonly used para (4,4’-) activated aryl dihalides for NAS
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1.2.2

Ortho and ortho/para activated polymer systems
Ortho (2,6-) and ortho/para (2,4-) activated systems contain an electron

withdrawing group located ortho or para to the halogen leaving group. These systems
have also been utilized to produce PAEs. Kricheldorf et al reported the use of ortho and
ortho/para activated monomer systems for polyether synthesis by NAS chemistry.
The

structural

isomers

(2,4-

and

2,6-)

of

difluorobenzonitrile

25,26

(DFBN),

difluoroacetophenone (DFAP), difluorobenzo-phenone (DFBP), and difluorodiphenyl
sulfone (DFDPS) (Figure 4) were reacted with silylated 1,1,1-tris(4-hydroxyphenyl)ethane in order to study their tendencies to form macrocycles. 25 Since then, other
ortho (2,6-) and ortho/para (2,4-) activated systems have been synthesized and utilized to
prepare PAEs by NAS. 27,28
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Figure 4. Ortho (2,6-) and ortho/para (2,4-) activated monomers by Kricheldorf et al

25

Rebeck and Knauss published a paper in 2011 in which an ortho/para (2,4-)
sulfonamide activated monomer was synthesized. This is the first report of a sulfonamide
being utilized to activate polymerization by NAS. The monomer, 2,4-difluoro-N,N12

dimethylbenzene sulfonamide, was reacted with a series of four bisphenols (Scheme 11).
Characterization and analysis of the resultant polymers indicated that the sulfonamide
moiety is sufficiently electron withdrawing in order to activate NAS in both the ortho and
para positions of the monomer. The resultant high molecular weight polymers (Mn =
7170-109,000 Da) demonstrated moderate glass transition temperatures (Tg = 163-199
˚C) and thermal stabilities (Td5% = 398-442 ˚C).
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Scheme 11. Nucleophilic polycondensation of 2,4-difluoro-N,N-dimethylbenzene
sulfonamide with various bisphenols
It is important to note here that while para (4,4’-) activated systems result in
polymers, which contain the activating group located directly in the backbone of the
polymer chain, ortho (2,6-) and ortho/para (2,4-) activated systems result in polymers
with the activating group located pendent to the polymer chain.
1.2.3

Meta activated polymer systems
Although NAS reactions are typically carried out with aryl halides activated by an

EWG located in the ortho or para positions, there are examples where a strong EWG
13

located in the meta position provides sufficient activation to allow NAS to occur in high
yields. In 2003, Kricheldorf et al reported the reaction of 3,5-difluorobenzonitrile with
Bisphenol A. However, this resulted in only low molecular weight PAEs because of
incomplete conversion and partial crosslinking due to side reactions with the nitrile
group. 26 Since then, a variety of EWG have been utilized by our group to activate NAS
from the meta position.

29-34

The meta-activated 3,5-difluoro aromatic monomers

illustrated below (Scheme 12) lead to PAEs bearing pendent functional groups.
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Scheme 12. Nucleophilic polycondensation reactions of 3,5-difluro aromatics
Similar to ortho (2,6-) and ortho/para (2,4-) activated systems, meta (3,5-)
activated systems result in polymers which contain the activating group located pendent
to the polymer backbone. These systems allow for the possibility of introducing a variety
of functional groups without directly altering the backbone of the polymer chain.
1.3

Modification Chemistry
One way to tune the physical and chemical properties of a polymer to meet the

needs of specific applications is to introduce functional groups into the polymer system.
14

Functional group introduction can be achieved in two ways. A functional group can be
introduced at the monomer stage (“pre”) or after the polymerization process (“post”).
General schematics for these processes are illustrated below (Scheme 13).
Polymerization
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Scheme 13. Polymer modification by “pre” and “post” functional group introduction
Both “pre” and “post” modification methods have advantages and limitations.
Functional group introduction at the monomer stage (“pre”) allows for excellent control
over the number and placement of introduced functional groups. However, functional
groups introduced at the monomer stage must be able to withstand the polymerization
conditions. While “post” modification can avoid the issues of functional group side
reactions, there is significantly less control over the number and location of functional
groups introduced using this method.
One way to combine the advantages of pre functionalization (control over
functional group distribution) with the advantages of post functionalization (the ability to
15

introduce functional groups that may not have otherwise survived the polymerization
conditions) is to introduce an inactive functional group at the monomer stage that can
later be converted by post modification chemistry. One such group is iodine. While aryliodides are generally stable to NAS, they may easily be converted to other, more
desirable functional groups after polymerization. Examples of post-modification
reactions of aryl-iodides are illustrated in Scheme 14.
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Scheme 14. Examples of post modification reactions of aryl-iodides
1.3.1

“Pre” modification chemistry
In 2012, Zhang et al reported the synthesis and polymerization of an ortho

activated ketone monomer. 27 The nucleophilic polycondensation of sodium (4-(3-(4-(2,6difluorobenzoyl)phenoxy)propoxy)benzene-sulfonate (SDPPM) with 2,6-difluorobenzonitrile, and 4,4’-dihydroxyldiphenyl ether is illustrated in Scheme 15. These polymers
16

contain a truly pendent acid group. The properties of these materials were analyzed and
their potentials as proton conductive materials for were investigated.
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Scheme 15. Pre modification example by Zhang 27
1.3.2

“Post” modification chemistry
Lafitte et al reported the post modification of PAES in 2006. 35 Benzoyl(difluoro-

methylenephosphonic acid) side chains were added to PAES by lithiation chemistry. The
resultant materials were used for proton conducting materials.
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1.4

Current work
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Figure 5. Iodo containing sulfone and sulfonamide PAEs
In order to tailor the physical and chemical properties of sulfone and sulfonamide
based PAEs without directly altering the backbone of the polymer chains; the
introduction of a truly pendent iodo group was desired. This would allow for the
introduction of functional groups by the post-modification reactions outlined in Scheme
14.
1.4.1

Sulfone based PAEs
Commercial PAESs can be synthesized from the nucleophilic polycondensation

of 4,4’-difluorodiphenyl sulfone (DFDPS) with a bisphenol unit. Generally however, the
material is prepared using the less reactive, but cheaper 4,4’-dichlorodiphenyl sulfone
monomer. This results in a linear polymer in which both phenyl rings of the dihalide
diphenyl sulfone monomer are tied directly into the backbone of the polymer chain. Our
group has reported the synthesis and polymerization of 3,5-DFDPS (1), the structural
isomer of the 4,4’-DFDPS monomer.

1,29,33

The 3,5- activated system allows for the

synthesis of linear polymers carrying pendent phenyl sulfonyl groups. This offers an
advantage over the commercially available system, because the properties of these
polymers may be tailored by functionalizing the pendent phenyl ring, without directly
altering any of the atoms in the backbone of the polymer chain (Scheme 17).
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Scheme 17. Comparison of the effects of incorporating functional groups via traditional
PAE syntheses and activated 3,5-difluoro aromatic systems 1
Functional groups can be introduced pre, at the monomer stage, or post, by
modification

reactions

to

the

polymer

itself.

As

previously

discussed,

pre

functionalization allows for exceptional control over the location and number of
functional groups added. However, this method is limited to functional groups that can
survive the reaction conditions without obstructing the polymerization process by side
reactions. While post functionalization evades the issue of side reactions, this method is
limited because it lacks in control over the number and location of the functional groups
added. Iodo group introduction at the monomer stage allows for the combination of the
advantages of pre functionalization (control over functional group distribution) with the
advantages of post functionalization (the ability to introduce functional groups that may
not have otherwise survived the polymerization conditions).
For this project, a series of DFDPS isomers carrying pendent phenyl sulfonyl
moieties was synthesized. Their structures are illustrated below in Figure 6. The intent
20

was then to introduce an iodo group on the pendent, non-fluorinated ring of these
isomers. The resultant DFDPS isomers containing pendent sulfonyl aryl iodides would
then be utilized to make PAES derivatives by nucleophilic polycondensation. The
pendent iodo groups could then potentially be converted into a variety of functional
groups without directly changing the polymer backbone.
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Figure 6. Potential DFDPS monomers for PAES carrying truly pendent phenyl sulfonyl
groups for “pre” modification by electrophilic iodination
Halogen group introduction is one way to introduce functional groups into
polymer systems. Although there are several ways to halogenate organic compounds,
halogenation by electrophilic aromatic substitution will be the focus. A general schematic
for EAS chemistry is illustrated below (Scheme 18).
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Scheme 18. Typical EAS mechanism
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1.4.2

Sulfonamide based PAEs
Although sulfonamides have been widely studied for their applications in the

pharmaceutical industry and as stimuli responsive components used to functionalize
smart polymers, only recently has this functional group been used as the activating group
for PAEs by nucleophilic polycondensation chemistry.

36

Sulfonamide monomers have

the ability to carry functional groups into the polymer chain. Previously discussed studies
by Knauss

28

resulted in poly(arylene ether sulfonamide)s, PAESAs carrying pendent

methyl groups in an ortho/para 2,4- activated monomer. Our group has reported the
synthesis of meta activated PAESAs carrying diethyl groups. 34
For this project, the synthesis of sulfonamide activated monomers carrying two
pendent phenyl rings was desired. The goal was then to introduce an iodo functional
group into these systems at the pendent phenyl rings and to successfully polymerize the
iodinated systems. The resultant polymers could then be functionalized by postmodification methods to tailor the polymers for specific applications, such as organic
LEDs.
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2.
2.1

EXPERIMENTAL

Instrumentation
1

H and

13

C Nuclear Magnetic Resonance (NMR) spectra were acquired using a

Bruker AVANCE 300 MHz instrument operating at 300, and 75.5 MHz, respectively. 19F
NMR spectra were obtained using a Bruker Avance 400 MHz instrument operating at
376.5 MHz using 10% CFCl3 as an external standard with the instrument set relative to
the lock signal. Samples were dissolved in an appropriate deuterated solvent (DMSO-d6
or CDCl3) at a concentration of (~ 30 mg / 0.7 mL). GC/MS analyses were performed
using a Hewlett-Packard (HP) 6890 Series GC and a HP 5973 Mass Selective
Detector/Quadrupole system. DSC and TGA analysis were carried out on TA Instruments
DSC Q200 (under nitrogen) and TGA Q500 (under nitrogen or air), respectively, at a
heating rate of 10 ºC/ min.

Size Exclusion Chromatography (SEC) analysis was

performed using a system consisting of a Viscotek Model 270 Dual Detector (viscometer
and light scattering) and a Viscotek Model VE3580 refractive index detector. Two
Polymer Laboratories 5 µm PL gel Mixed C columns (heated to 35 ºC) were used with
tetrahydrofuran as the eluent and a Thermoseparation Model P1000 pump operating at
1.0 mL/minute. Number average molecular weights, Mn, and the dispersity were
determined with the RI signal (calibrated with polystyrene standards). Melting points
were determined on a MEL-TEMP apparatus and are uncorrected. Elemental analyses
were obtained from Midwest Microlabs, Inc., Indianapolis, IN.
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2.2

Materials
N-Methylpyrrolidinone (NMP) and dimethyl sulfoxide DMSO were dried over

and CaH2 distilled under nitrogen prior to use. Reagent-grade anhydrous potassium
carbonate powder (K2CO3) and calcium carbonate powder (Ca2CO3) were purchased
from Sigma Aldrich Chemical Co. and dried at 130 °C in an oven prior to use. BisphenolA was purchased from Sigma Aldrich Chemical Co., recrystallized from toluene, and
dried in vacuo prior to use. 4-tert-butyl phenol and diphenylamine were purchased from
Sigma Aldrich Chemical Co. and used as received. 3,5-difluorobenzenesulfonyl chloride,
2,5-difluorobenzenesulfonyl chloride, 2,6-difluorobenzenesulfonyl chloride, and 2,4difluorobenzenesulfonyl chloride were purchased from Oakwood products and used as
received. N-iodosuccinimide (NIS) was purchased from Acros Organics and used as
received. 3,5-difluorodiphenyl sulfone (1) and 3’-iodo-3,5-difluorodiphenyl sulfone (1a)
were synthesized by previously reported routes. 1,29
2.3

Synthesis of 2,5-difluorodiphenyl sulfone, 2,5-DFDPS (2)
In a 10 mL round bottomed (RB) flask, equipped with a stir bar, condenser,

nitrogen gas inlet, and CaCl2 drying tube, were placed AlCl3 (0.80 g; 6.0 mmol) and
benzene (4.5 mL; 50.0 mmol). 2,5-Difluorobenzenesulfonyl chloride (0.68 mL; 5.0
mmol) was added drop wise to the stirring reaction mixture over a period of five minutes.
The reaction flask was immersed into a preheated oil bath and stirred vigorously at 60 °C
for 10 hours at which point analysis of an aliquot by GC/MS indicated quantitative
conversion of the sulfonyl chloride starting material to the desired product. The reactant
mixture was precipitated into an excess of deionized water (150 mL) and extracted into
chloroform (50 mL). The organic layer was dried over NaSO4 and concentrated via the
24

rotary evaporator to obtain an off-white solid. The product was recrystallized from
hexanes to afford 0.91 g (72%) of 2 as a white powder with a melting point of 110-111
°C. 1H NMR (CDCl3, ∂): 7.11 (td, J = 9.0, 3.9 Hz, 1 H), 7.28 (m, 1 H), 7.57 (m, 2 H),
7.67 (m, 1 H), 7.83 (ddd, J = 7.37, 5.31, 3.20 Hz, 1 H), 8.03 (m, 2 H). 13C NMR (CDCl3,
∂): 116.4 (d, J = 26.93 Hz), 118.8 (dd J = 24.25, 7.77 Hz), 122.5 (dd, J = 24.07, 8.50 Hz),
128.3 (d, J = 2.12 Hz), 129.2, 130.7 (dd, J = 16.76, 6.61 Hz), 134.0, 140.2, 154.9 (dd, J =
216.52, 2.65 Hz), 158.2 (dd, J = 211.43, 2.71 Hz). 19F[1H] NMR (DMSO-d6, ∂): -115.12
(d, J = 18.63), -114.75 (d, J = 18.29). MS (EI): [M+] m/z calculated for C12H8F2O2S,
254.02; found 254. Elemental Analysis: Calc. Anal. for C12H8F2O2S: C, 56.68; H, 3.17;
Found: C, 56.46; H, 3.02.
2.4

Synthesis of 2,6-difluorodiphenyl sulfone, 2,6-DFDPS (3)
In a 10 mL RB flask, equipped with a stir bar, condenser, nitrogen gas inlet, and

CaCl2 drying tube, were placed AlCl3 (0.73 g; 5.5 mmol) and benzene (4.5 mL; 50.0
mmol). 2,6-Difluorobenzenesulfonyl chloride (0.68 mL; 5.0 mmol) was added drop wise
to the stirring reaction mixture, over a period of five minutes. The reaction flask was
immersed into a preheated oil bath and stirred vigorously at 60 °C for 10 hours at which
point analysis of an aliquot by GC/MS indicated quantitative conversion of the sulfonyl
chloride starting material to the desired product. The reactant mixture was precipitated
into an excess of deionized water (150 mL) and extracted into chloroform (50 mL). The
organic layer was dried over NaSO4 and concentrated via the rotary evaporator to obtain
an off-white solid. The product was recrystallized from hexanes to afford 0.95 g (75 %)
of 3 as white crystals with a melting point of 123-124 °C. 1H NMR (CDCl3, ∂): 6.99 (m,
2 H), 7.54 (m, 3 H), 7.66 (m, 1 H), 8.10 (m, 2 H). 13C NMR (CDCl3, ∂): 113.3 (dd, J =
25

23.20, 3.56 Hz), 119.4 (t, J = 15.50 Hz), 127.7 (t, J = 1.10 Hz), 129.2, 134.0, 135.6 (t, J =
11.10 Hz), 141.8 (s), 159.8 (dd, J = 261.1, 3.37 Hz). 19F[1H] NMR (DMSO-d6, ∂): -107.4
(s). MS (EI): [M+] m/z calculated for C12H8F2O2S, 254.02; found 254. Elemental
Analysis: Calc. Anal. for C12H8F2O2S: C, 56.68; H, 3.17; Found: C, 56.50; H, 3.08.
2.5

Synthesis of 2,4-difluorodiphenyl sulfone, 2,4-DFDPS (4)
In a 10 mL RB flask, equipped with a stir bar, condenser, nitrogen gas inlet, and

CaCl2 drying tube, were placed AlCl3 (0.73 g; 5.5 mmol) and benzene (4.5 mL; 50.0
mmol). 2,4-Difluorobenzenesulfonyl chloride (0.68 mL; 5.0 mmol) was added drop wise
to the stirring reaction mixture, over a period of five minutes. The reaction flask was
immersed into a preheated oil bath and stirred vigorously at 60 °C for 10 hours at which
point analysis of an aliquot by GC/MS indicated quantitative conversion of the sulfonyl
chloride starting material to the desired product. The reactant mixture was precipitated
into an excess of deionized water (150 mL) and extracted into chloroform (50 mL). The
organic layer was dried over NaSO4 and was concentrated via the rotary evaporator to
obtain a white solid. The product was recrystallized from hexanes to afford 1.03 g (81%)
of 4 as white crystals with a melting point of 82-83 °C. 1H NMR (CDCl3, ∂): 6.87 (ddd, J
= 9.9, 8.49, 2.40 Hz, 1 H), 7.06 (dddd, J = 8.87, 7.70, 2.40, 1.14 Hz, 1 H), 7.55 (m, 2 H),
7.65 (m, 1 H), 8.01 (m, 2 H), 8.15 (ddd, J = 8.84, 8.08, 6.14 Hz, 1 H). 13C NMR (CDCl3,
∂): 105.8 (dd, J = 26.0, 24.9 Hz), 112.1 (dd, J = 21.97, 3.82 Hz), 126.1 (dd, J = 14.4, 3.61
Hz), 128.0 (d, J = 2.06 Hz), 129.2, 131.6 (dd, J = 10.7, 1.33 Hz), 133.8, 140.8, 160.0 (dd,
J = 260.7, 11.30 Hz), 166.5 (dd, J = 259.3, 11.10 Hz).
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F[1H] NMR (DMSO-d6, ∂): -

104.1 (d, J = 13.43 Hz), -99.1 (d, J = 13.18 Hz). MS (EI): [M+] m/z calculated for
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C12H8F2O2S, 254.02; found 254. Elemental Analysis: Calc. Anal. for C12H8F2O2S: C,
56.68; H, 3.17; Found: C, 56.43; H, 3.10.
2.6

Synthesis of 3’-iodo-2,5-difluorodiphenyl sulfone (2a)
In a 25 mL RB flask, equipped with a stir bar and septum were placed 2 (0.25 g;

1.0 mmol) and concentrated H2SO4 (10 mL). The reactants were stirred at room
temperature. N-iodosuccinimide (0.25 g; 1.1 mmol) was added to the homogenous
solution and the reactants were stirred vigorously at room temperature for 16 hours with
no exposure to light. Analysis by GC/MS indicated the reaction mixture contained 9% of
starting material, 2 and 91% conversion of 2 to a single type of mono-iodinated species.
The reaction mixture was precipitated from deionized water (150 mL) and extracted into
chloroform (50 mL). The organic layer was washed with 5% NaHSO3 solution, dried
over MgSO4, and concentrated the rotary evaporator to yield a white solid. The product
was recrystallized from isopropanol to afford 0.12 g (32%) of 2a as a white fluffy solid
with a melting point of 116-117 °C. 1H (DMSO-d6, ∂): 7.49 (m, 2 H), 7.68 (dddd, J =
9.15, 7.44, 4.20, 3.25 Hz, 1 H), 7.90 (ddd, J = 7.29, 5.67, 3.21 Hz, 1 H), 8.01 (ddt, J =
7.94, 1.87, 0.95 Hz, 1H), 8.13 (ddd, J = 7.88, 1.66, 1.00 Hz, 1 H), 8.26 (m, 1 H).

13

C

(DMSO-d6, ∂): 95.9 (ArC-I), 116.9 (dd, J = 25.88, 0.028 Hz), 120.2 (dd, J = 22.37, 14.96
Hz), 124.5 (dd, J = 23.28, 14.85 Hz), 127.6 (d, J = 0.021 Hz), 129.5 (dd, J = 15.61, 11.66
Hz), 132.2, 135.9 (d, J = 0.021 Hz), 156.1 (dd, J = 232.2, 5.19 Hz), 158.2 (dd, J =
227.17, 5.63 Hz). 19F[1H] NMR (DMSO-d6, ∂): -114.9 (d, J = 1.40 Hz), -114.8 (d, J = 1.7
Hz). MS (EI): [M+] m/z calculated for C12H7F2IO2S, 379.92; found 380. Elemental
Analysis: Calc. Anal. for C12H7F2IO2S: C, 37.91; H, 1.86; Found: C, 37.93; H, 1.69.
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2.7

Synthesis of 2,6-difluoro-3-iodo-diphenyl sulfone (3a)
In a 25 mL RB flask, equipped with a stir bar and septum were placed 3 (0.25 g;

1.0 mmol) and H2SO4 (10 mL). The reactants were stirred at room temperature. Niodosuccinimide (0.25 g; 1.1 mmol) was added to the homogenous solution and the
reactants were stirred vigorously at room temperature for 16 hours with no exposure to
light. Analysis by GC/MS indicated the reaction mixture contained 4% of starting
material 3, 92% conversion of 3 to one type of mono-iodinated species, 3% conversion to
another type of mono-iodinated species, and 2% conversion to di-iodinated species. The
reaction mixture was precipitated from deionized water (150 mL) and extracted into
chloroform (50 mL). The organic layer was washed with 5% NaHSO3 solution, dried
over MgSO4, and concentrated by the rotary evaporator to yield a white solid. The
product was recrystallized from isopropanol to afford 0.19 g (51%) of 3a as a white solid
with a melting point of 175-177 °C. 1H (DMSO-d6, ∂): 7.20 (ddd, J =10.34, 8.89, 1.48
Hz, 1 H), 7.69 (m, 2 H), 7.80 (m, 1 H), 8.02 (m, 2 H), 8.21 (ddd, J = 8.90, 6.91, 5.91 Hz,
1 H). 13C (DMSO-d6, ∂): 80.1 (dd, J = 28.59, 4.11 Hz, ArC-I), 116.3 (dd, J = 23.44, 4.06
Hz), 119.1 (dd, J = 18.46, 15.95 Hz), 127.7 (t, J = 1.01 Hz), 130.3 (s), 135.3 (s), 141.3
(s), 145.8 (dd, J = 10.59, 4.65 Hz), 156.8 (dd, J = 113.54, 3.46 Hz), 160.2 (dd, J =
119.63, 3.41 Hz). 19F[1H] NMR (DMSO-d6, ∂): -107.4 (s), -86.1 (s). MS (EI): [M+] m/z
calculated for C12H7F2IO2S, 379.92; found 380. Elemental Analysis: Calc. Anal. for
C12H7F2IO2S: C, 37.91; H, 1.86; Found: C, 38.05; H, 2.07.
2.8

Iodination of 4 to synthesize 2,4-DFDPS iodination products (4a-d)
In a 25 mL RB flask, equipped with a stir bar and septum were placed 4 (0.25 g;

1.0 mmol) and H2SO4 (10 mL). The reactants were stirred at room temperature. N28

iodosuccinimide (0.25 g; 1.1 mmol) was added to the homogenous solution and the
reactants were stirred vigorously at room temperature for 16 hours with no exposure to
light. Analysis by GC/MS indicated the reaction mixture contained 28% of starting
material 4, 39% conversion of 4 to one type of mono-iodinated species, 24% conversion
to another type of mono-iodinated species, and 10% conversion to di-iodinated species.
The reaction mixture was precipitated from deionized water (100 mL) and extracted into
chloroform (50 mL). The organic layer was washed with 5% NaHSO3 solution, dried
over MgSO4, and concentrated by the rotary evaporator to yield a viscous yellow oil.
2.9

Model reaction of 2 to synthesize 2,5-DFDPS mono-substituted model
compound (5)
In a 5 mL RB flask, equipped with a stir bar, condenser, and nitrogen gas inlet

were placed NMP (1.25 mL), 2 (0.20 g; 0.8 mmol), tert-butyl phenol (0.24 g; 1.6 mmol),
and K2CO3 (0.33 g; 2.4 mmol). The reaction flask was immersed into a preheated oil bath
and was vigorously stirred at 150 °C for a period of 48 hours at which point analysis by
GC/MS indicated complete conversion of 2 to mono-substituted model compound, 5. The
reaction temperature was then turn up to 185 °C and the reactants were vigorously stirred
an additional 48 hours at which point analysis by GC/MS indicated no further conversion
of 5 to di-substituted model compound. The reaction mixture was diluted with DCM (50
mL) and washed three times with equal parts deionized water, 5% HCl, deionized water,
5% NaHCO3, and finally deionized water. The organic layer was dried over MgSO4 and
the solvents were removed by the rotary evaporator to yield 0.31 g (50.7 %) of 5 as a
viscous yellow oil.
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2.10 Synthesis of 3,5-difluoro-N,N-diphenylbenzene sulfonamide, 3,5-DF-N,NDPBSA (6)
In a 100 mL RB flask, equipped with a stir bar, micro cold finger condenser, and
nitrogen gas inlet were placed dichloromethane, DCM (50 mL), pyridine (2.2 mL; 27.5
mmol), and 3,5-difluorobenzenesulfonyl chloride (5.32 g; 25 mmol). The reactants were
stirred at room temperature for 1 hour. Diphenylamine, DPA (4.23 g; 25 mmol) was
added to the reaction mixture. The reaction flask was immersed into a preheated oil bath
and the reactants were vigorously stirred at reflux for a period of 72 hours. Analysis of an
aliquot by GC/MS indicated 94% conversion of starting materials to the desired product.
The green reaction mixture was diluted in DCM (100 mL) and washed three times with
equal parts deionized water, 5% HCl, deionized water, 5% NaHCO3, and finally
deionized water. The peach colored organic layer was dried over MgSO4 and the solvents
were removed using the rotary evaporator to yield an off-white solid. The product was
recrystallized twice from ethanol to afford 6.81 g (79%) of 6 as white crystals with a
melting point of 130-131 °C. 1H (CDCl3, ∂): 1H (CDCl3, ∂): 7.07 (tt, J = 8.46, 2.33 Hz, 1
H), 7.30 (m, 12 H).

13

C (CDCl3, ∂): 108.4 (t, J = 25.01 Hz), 111.3 (dd, J = 18.66, 9.24

Hz), 128.0, 128.3, 129.5, 140.9, 143.7 (t, J = 8.30 Hz), 162.6 (dd, J = 254.73, 17.28 Hz).
19

F[1H] NMR (DMSO-d6, ∂): -105.6 (s). MS (EI): [M+] m/z calculated for C18H13F2NO2S,

345.06; found 345. Elemental Analysis: Calc. Anal. for C18H13F2NO2S: C, 62.60; H,
3.79; Found: C, 62.26; H, 3.77.
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2.11 Synthesis of 2,4-difluoro-N,N-diphenylbenzene sulfonamide, 2,4-DF-N,NDPBSA (7)
In a 100 mL RB flask, equipped with a stir bar, micro cold finger condenser, and
nitrogen gas inlet were placed dichloromethane, DCM (50 mL), pyridine (2.2 mL; 27.5
mmol), and 2,4-difluorobenzenesulfonyl chloride (5.32 g; 25 mmol). The reactants were
stirred at room temperature for 1 hour. Diphenylamine, DPA (4.23 g; 25 mmol) was
added to the reaction mixture. The reaction flask was immersed into a preheated oil bath
and the reactants were vigorously stirred at reflux for a period of 72 hours at which point
analysis of an aliquot by GC/MS indicated 85% conversion of starting materials to the
desired product. The reactants were then vigorously stirred at reflux for an additional 18
hours (90 hours total reaction time) at which point analysis of an aliquot by GC/MS
indicated 94% conversion of starting materials to desired product. The reaction mixture
was diluted in DCM (100 mL) and washed three times with equal parts deionized water,
5% HCl, deionized water, 5% NaHCO3, and finally deionized water. The organic layer
was dried over MgSO4 and the solvents were removed via the rotary evaporator to afford
a green solid. The product was recrystallized twice from ethanol to afford 6.04 g (70%)
of 7 as a white needle like solid with a melting point of 130-131 °C. 1H (CDCl3, ∂): 6.96
(m, 2 H), 7.33 (m, 10 H), 7.85 (m, 1 H). 13C (CDCl3, ∂): 105.7 (dd, J = 26.02, 25.02 Hz),
111.8 (dd, J = 22.10, 4.60 Hz), 124.5 (dd, J = 14.10, 4.10 Hz), 127.7, 128.4 (d, J = 1.01
Hz), 129.3, 133.4 (dd, J = 10.48, 1.59 Hz), 140.8, 159.7 (dd, J = 261.9, 11.10 Hz), 166.0
(dd, J = 259.0, 11.02 Hz). 19F[1H] NMR (DMSO-d6, ∂): -102.2 (d, J = 13.05 Hz), -100.2
(d, J = 13.31 Hz). MS (EI): [M+] m/z calculated for C18H13F2NO2S, 345.06; found 345.
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Elemental Analysis: Calc. Anal. for C18H13F2NO2S: C, 62.60; H, 3.79; Found: C, 62.63;
H, 3.81.
2.12 Competition reaction of 6 and 7 using 3 eq. tert-butyl phenol
In a 5 mL RB flask equipped with a stir bar, condenser, and nitrogen gas inlet
were placed NMP (1.56 mL), 6 (0.35 g; 1.0 mmol), 7 (0.35 g; 1.0 mmol), tert-butyl
phenol (0.45 g; 3.0 mmol), and K2CO3 (0.62 g; 4.5 mmol). The reactant flask was
immerged into a preheated oil bath and vigorously stirred at 185 oC. Aliquots (0.2 mL) of
the reaction mixture were analyzed by DEPT 90 13C NMR spectroscopy at reaction times
1 hour and 21 hours.
2.13 Synthesis of 3,5-DF-N,N-DPBSA model compound (8)
In a 10 mL RB flask equipped with a stir bar, condenser, and nitrogen gas inlet
were placed NMP (1.56 mL), 6 (0.35 g; 1.0 mmol), tert-butyl phenol (0.30 g; 2.0 mmol),
and K2CO3 (0.42 g; 3.0 mmol). The reactant flask was immerged into a preheated oil bath
and vigorously stirred at 185 °C for 21 hours at which point analysis by

13

C DEPT 90

NMR spectroscopy indicated complete conversion of starting material to desired product.
The reaction mixture was diluted in chloroform (50 mL) and washed three times with
equal parts 10% HCl, saturated NaHCO3, and deionized water. The organic layer was
dried over MgSO4 and the solvents were removed via the rotary evaporator to afford an
off-white solid. The product was recrystallized using ethanol and the resultant white
crystal product (8) was isolated via vacuum filtration in 76% isolated yield with a melting
point of 155-156 °C. 1H (CDCl3, ∂): 1.37 (s, 18 H), 6.94 (m, 7 H), 7.32 (m, 14 H).

13

C

(CDCl3, ∂): 31.47, 34.42, 110.7, 112.1, 119.3, 126.9, 127.4, 128.1, 129.3, 141.3, 142.5,
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147.6, 153.0, 159.6. Elemental Analysis: Calc. Anal. for C38H39NO2S: C, 75.34; H, 6.49;
Found: C, 74.13; H, 6.42.
2.14 Polymerization of 6 with Bisphenol-A to form 9
In a 5 mL RB flask equipped with a stir bar, condenser, and nitrogen gas inlet
were placed NMP (1.56 mL), 6 (0.35 g; 1.0 mmol), bisphenol-A (0.23 g; 1.0 mmol),
K2CO3 (0.42 g; 3.0 mmol). The reactant flask was immerged into a preheated oil bath and
vigorously stirred at 185 °C for 21 hours at which point analysis of an aliquot (0.2 mL)
by DEPT 90 13C NMR spectroscopy indicated complete conversion of starting materials
to desired product as indicated by the collapse of the triplet at 108.4 ppm to a singlet at
112.5 ppm. The brown reaction mixture was diluted with THF (5 mL) and precipitated
from an excess of deionized water (200 mL) to afford a light brown fiber-like material.
The solid was dissolved in THF (5 mL), precipitated from ethanol, filtered, and dried to
afford 0.40 g (88.5 %) of 9 as a tan colored fiber. The material was reverse reprecipitated
using THF and ethanol to remove cyclic oligomers. 1H (CDCl3, ∂): 1.71 (s, 6 H), 6.92 (m,
7 H), 7.24 (m, 14 H). 13C (CDCl3, ∂): 31.0, 42.3, 110.9, 112.5, 119.2, 127.5, 128.1, 128.4,
129.3, 141.2, 142.5, 153.3, 159.3.
2.15 Polymerization of 7 with Bisphenol-A to form 10
In a 5 mL RB flask equipped with a stir bar, condenser, and nitrogen gas inlet
were placed NMP (1.56 mL), 7 (0.35 g; 1.0 mmol), bisphenol-A (0.23 g; 1.0 mmol),
K2CO3 (0.42 g; 3.0 mmol). The reactant flask was immerged into a preheated oil bath and
vigorously stirred at 165 °C for 21 hours at which point analysis of an aliquot (0.2 mL)
by DEPT 90 13C NMR spectroscopy indicated complete conversion of starting materials
to desired product as indicated by the collapse of the doublet of doublets at 105.7 ppm to
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a singlet at 112.5 ppm. The brown reaction mixture was diluted with THF (5 mL) and
precipitated from an excess of deionized water (200 mL) to afford a light brown solid.
The solid was dissolved in THF (5 mL), precipitated from ethanol, filtered, and dried to
afford 0.25 g (46.8 %) of 10 as an off-white powder. The material was reverse
reprecipitated using THF and ethanol to remove cyclic oligomers.
2.16 Synthesis of 3,5-difluoro-N,N-bis(4-iodophenyl)benzenesulfonamide (11)
In a 150 mL RB flask equipped with a stir bar and septum were placed 5% H2SO4
in acetic acid (100 mL) and 6 (3.59 g; 0.01 mol). The reactants were vigorously stirred at
room temperature. N-iodosuccinimide (5.17 g; 0.023 mol) was added to the homogenous
reaction mixture and the reactants were vigorously stirred at room temperature for a
period of 72 hours with no exposure to light. Analysis of an aliquot by DEPT 90

13

C

NMR spectroscopy indicated complete conversion of starting materials to the desired
product. The reaction mixture was precipitated from deionized water (1000 mL) and the
resultant white solid was isolated via vacuum filtration and dissolved in chloroform (100
mL). The organic solution was washed with equal parts 5% NaHSO3 solution, dried over
MgSO4, and concentrated by the rotary evaporator to yield a white solid. The product was
recrystallized from ethanol to afford 4.9 g (82.1%) of 11 as a white solid with a melting
point of 194-195 °C. 1H (CDCl3, ∂): 7.00 (m, 4 H), 7.10 (tt, J = 8.40, 2.32 Hz, 1 H), 7.25
(m, 2 H), 7.70 (m, 4 H). 13C (CDCl3, ∂): 93.7 (ArC-I), 108.9 (t, J = 24.99 Hz), 111.2 (dd, J
= 18.44, 9.60 Hz), 129.8, 138.9, 140.2, 143.1 (t, J = 8.4 Hz), 162.7 (dd, J = 255.67, 11.55
Hz).
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F[1H] NMR (DMSO-d6, ∂): -105.2 (s). Elemental Analysis: Calc. Anal. for

C18H11F2I2NO2S: C, 36.20; H, 1.86; Found: C, 36.97; H, 1.85.
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2.17 Model studies of 11 using tert-butyl phenol
In a 5 mL RB flask equipped with a stir bar, condenser, and nitrogen gas inlet
were placed NMP (1.00 mL), 11 (0.38 g; 0.64 mmol), tert-butyl phenol (0.19 g; 1.28
mmol), K2CO3 (0.27 g; 1.92 mmol). The reactant flask was immerged into a preheated oil
bath and vigorously stirred at 185 °C for 21 hours at which point analysis of an aliquot by
DEPT 90

13

C NMR spectroscopy suggested incomplete conversion of starting materials

to desired product. The reaction flask was heated for an additional 8 hours. Analysis by
13

C NMR spectroscopy suggests the formation of a side product, believed to be the

displacement of bis-4-iododiphenylamine. A variety of solvents, temperatures, times, and
bases were used to limit the formation of this side product, which are later discussed in
detail.

13

C (CDCl3, ∂): 31.4, 31.5, 34.4, 24.5, 81.8 (ArC-I), 94.5 (ArC-I), 107.8, 109.75,

109.84, 112.7, 119.2, 119.5, 119.6, 127.1, 127.4, 129.6 (d, J = 33.8 Hz), 131.0, 138.0,
138.8, 140.6, 141.8, 143.1, 146.8, 147.8, 152.3, 152.9, 153.9, 158.3, 159.9.
2.18 Polymerization of 11 using Bisphenol-A
In a 5 mL RB flask equipped with a stir bar, condenser, and nitrogen gas inlet
were placed DMSO (1.00 mL), 11 (0.38 g; 0.64 mmol), bisphenol-A (0.15 g; 0.64 mmol),
K2CO3 (0.27 g; 1.92 mmol). The reactant flask was immerged into a preheated oil bath
and vigorously stirred at 120 °C for 4 hours at which point analysis of an aliquot by
DEPT 90

13

C NMR spectroscopy suggested incomplete conversion of starting materials

to desired polymer product. The reaction mixture was precipitated from water and
isolated by vacuum filtration.

35

3.
3.1

RESULTS AND DISCUSSION

Synthesis of DFDPS isomers 2-4 by Friedel-Crafts Sulfonation
The general procedure for Friedel-Crafts sulfonation outlined by Olah in 1973

was followed to synthesize three isomers of DFDPS. 37 The materials were prepared by
the reaction of a sulfonyl chloride with benzene in the presence of an aluminum chloride
catalyst. The reactants were heated to 60 ˚C for ten hours to obtain 2,5-DFDPS (2), 2,6DFDPS (3), and 2,4-DFDPS (4) in good yields (72%, 75%, and 81%, respectively). The
characterization of each of these materials is outlined in greater detail in the following
sections. Although Kricheldorf previously synthesized 3 and 4 by another method, the
reactions were low yielding and little analyses were reported on the resultant materials.
However, melting points and elemental analyses reported by Kricheldorf were consistent
with our findings.
R
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Cl

AlCl3
∆ 60 ˚C, 8 h
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Scheme 19. Synthesis of 2,5-DFDPS (2), 2,6-DFDPS (3), and 2,4-DFDPS (4) by FriedelCrafts Sulfonation, EAS
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3.1.1

Characterization of 2,5-DFDPS (2)
The structure of 2 was confirmed by 1H,

GC/MS and elemental analysis. The 1H and

13

13

C CDP, and

19

F NMR spectroscopy,

C NMR spectra of 2 are illustrated in

Figure 7 and Figure 8, respectively. There are six unique peaks that appear in the 1H
NMR spectrum of 2 (Figure 7). Peak “b”, the most upfield proton, appears as a triplet of
doublets due to coupling with an ortho proton and an ortho-fluorine with identical
coupling constants of 8.98 Hz and coupling with a meta fluorine (Jm-F = 3.94 Hz). Peaks
“a”, “d”, “e”, and “c” each appear as multiples. Peak “f”, appears as a doublet of doublets
of doublets, due to coupling with an ortho fluorine (Jo-F = 7.37 Hz), a meta fluorine (Jm-F
= 5.31 Hz), and a meta proton (Jm-H = 3.20 Hz).

Figure 7. 300 MHz 1H NMR spectrum (CDCl3) of 2,5-DFDPS (2)
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Figure 8. 75.5 MHz 13C NMR spectrum (CDCl3) of 2,5-DFDPS (2)
There are ten unique signals in the 13C CPD NMR spectrum of 2 (Figure 8). The
most downfield signals, “c” and “i" correlate to the carbon atoms attached directly to
fluorine (a strongly inductively EWG). Peak “c" appears as doublet of doublets at 158.2
ppm due to the fluorine atom in the C-F bond (J1 = 211.43 Hz) and coupling with a para
fluorine (Jp-F = 2.71 Hz). Similarly, peak “i" appears as a doublet of doublets at 154.9
ppm due to the fluorine atom in the C-F bond (J1 = 216.52 Hz) and coupling with a para
fluorine (Jp-F = 2.65 Hz). Because “c” is located ortho to a strong EWG, sulfone, its
signal is shifted downfield of “i" which is located meta to the sulfone. Peak “e”, which
appears as a singlet, is also shifted downfield to 140.2 ppm because it is directly attached
to a strong EWG, sulfone. Peak “d” correlates to the carbon atom of the fluorinated ring
located ortho to a fluorine atom (a resonance EDG) and directly attached to the sulfone.
Peak “d” is shifted upfield to 130.7 ppm due to the electron donation from fluorine and
appears as a doublet of doublets due to splitting by the ortho (Jo-F = 16.76 Hz) and meta
38

(Jm-F = 6.61 Hz) fluorines. Peak “a” appears as a doublet of doublets at 122.5 ppm due to
coupling with an ortho (Jo-F = 24.07 Hz) and a meta fluorine (Jm-F = 8.50 Hz). Peak “b”
appears as a doublet of doublets at 118.8 ppm due to coupling with an ortho (Jo-F = 24.25
Hz) and a meta fluorine (Jm-F = 7.77 Hz). Although peak “f” is located on the nonfluorinated ring, this signal appears as a doublet with a coupling constant of 2.12 Hz. It is
suspected that this is due to through space coupling with the fluorine atom located ortho
to sulfone. Peaks “a” and “b” are shifted upfield due to electron donation by ortho
fluorine atoms. Peak “j”, the most upfield carbon atom, was expected to appear as a
doublet of doublets due to coupling with both the ortho the meta fluorine atoms, however
only ortho coupling is observed (Jo-F = 26.93 Hz) and the signal appears as a doublet. It is
suspected that the sulfone group somehow inhibits the ability of “j” to couple with the
fluorine located in the meta position, relative to itself. The reasoning, whether it is due to
the electron withdrawing nature of sulfone or size, is unclear. This phenomenon is also
observed in the DEPT 90

13

C NMR spectrum of the starting material, 2,5-

difluorobenzenesulfonyl chloride (DFBSC). In this spectrum, peak “c” which was
expected to be a doublet of doublets due to coupling with both the ortho the meta
fluorines. However, only ortho coupling is observed (Jo-F = 28.05 Hz); signal “c” appears
as a doublet (Figure 9).
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Figure 9. 75.5 MHz DEPT 90 13C NMR spectrum (CDCl3) of 2,5-DFBSC
3.1.2

Characterization of 2,6-DFDPS (3)
The structure of 3 was confirmed by 1H,

GC/MS and elemental analysis. The 1H and

13

13

C CPD, and

19

F NMR spectroscopy,

C NMR spectra of 3 are illustrated in

Figure 10 and Figure 11, respectively. The 1H NMR spectrum of 3 contains four unique
signals, all of which are complex multiplets (Figure 10). The most downfield signals, “c”
and “e” are attributed to the protons located ortho and para to sulfone, respectively.
Peaks “a” and “d” overlap and the most upfield peak, “b”, represents the protons located
ortho and para to a fluorine.
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Figure 10. 300 MHz 1H NMR spectrum (CDCl3) of 2,6-DFDPS (3)

Figure 11. 75.5 MHz 13C NMR spectrum (CDCl3) of 2,6-DFDPS (3)
There are eight unique signals in the 13C CPD NMR spectrum of 3 (Figure 11).
The most downfield signal, “c”, is attributed to the carbon atoms directly attached to
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fluorines, a strong inductively withdrawing group. Peak “c” appears at 159.8 ppm as a
doublet of doublets due to the fluorine atom in the C-F bond (J1 = 258.46 Hz) and
coupling with a meta fluorine (Jm-F = 3.77 Hz). In the 3,5-DFDPS system, the C-F bond
also appears at 162.8 ppm as a doublet of doublets due to the fluorine atom in the C-F
bond (J1 = 252.89 Hz) and coupling with a meta fluorine (Jm-F = 12.19 Hz). It is
important to mention here that the meta fluorine coupling constant in the 2,6- systems is
significantly smaller than that of the 3,5- system. This could indicated that the sulfone in
this system is somehow restricting meta coupling and that coupling occurs though a
longer pathway. Similar to 2, peak “e” in 3, appears as a singlet, which is shifted
downfield due to the electron withdrawing nature of sulfone. Peak “d” is shifted upfield
to 119.4 ppm due to electron donation by two ortho fluorine atoms and appears as a
triplet due to coupling with two equivalent ortho fluorines (Jo-F = 15.50 Hz). Peak “b”, at
113.3 ppm appears as a doublet of doublets due to coupling with ortho (Jo-F = 23.20 Hz)
and para (Jp-F = 3.56 Hz) fluorines. As observed in 2, peak “f” in 3 also exhibits through
space coupling with two equivalent fluorine atoms, appearing as a triplet with a coupling
constant of 1.10 Hz.
3.1.3

Characterization of 2,4-DFDPS (4)
The structure of 4 was confirmed by 1H,

GC/MS and elemental analysis. The 1H and

13

13

C CPD, and

19

F NMR spectroscopy,

C NMR spectra of 4 are illustrated in

Figure 12 and Figure 13, respectively. The 1H NMR spectrum of 4 contains six unique
peaks (Figure 12). The most upfield signal, “a” at 6.87 ppm appears as a doublet of
doublets of doublets at due to ortho coupling with two non-equivalent fluorine atoms (JoF-1

= 9.9 Hz; Jo-F-2 = 8.49 Hz) and meta coupling with a proton (Jm-H = 2.40 Hz). Peak
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“b”, at 7.06 appears as a doublet of doublets of doublets of doublets due to coupling with
an ortho fluorine (Jo-H = 8.87 Hz), an ortho proton (Jo-F = 7.70 Hz), a para fluorine (Jp-F =
2.4 Hz), and a meta proton (Jm-H = 1.14 Hz). Peaks “e”, “d”, and “f”, each appear as
complex multiplet. The most downfield signal at 8.15 ppm “c” appears as a doublet of
doublets of doublets due to coupling with an ortho proton (Jo-H = 8.84 Hz), and two nonequivalent meta fluorine atoms (Jm-F-1 = 8.08 Hz; Jm-F-2 = 6.14 Hz).

Figure 12. 300 MHz 1H NMR spectrum (CDCl3) of 2,4-DFDPS (4)
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Figure 13. 75.5 MHz 13C NMR spectrum (CDCl3) of 2,4-DFDPS (4)
There are ten unique signals in the 13C CPD spectrum of 4 (Figure 13). The most
downfield signals, “a" and “c” correlate to the carbon atoms attached directly to a
fluorine atom (a strong inductively withdrawing group). Peak “a” at 166.5 ppm appears
as a doublet of doublets due to the fluorine atom in the C-F bond (J1 = 259.3 Hz) and
coupling with a meta fluorine (Jm-F = 11.10 Hz). Peak “c” at 160.0 ppm appears as a
doublet of doublets due to the fluorine atom in the C-F bond (J1 = 260.7 Hz) and
coupling with a meta fluorine (Jm-F = 11.30 Hz). Similar to 2 and 3, peak “e” in 4, appears
as a singlet shifted downfield to 140.8 ppm due to the electron withdrawing nature of
sulfone. Peak “d” appears at 126.1 ppm as a doublet of doublets due to coupling with an
ortho-fluorine (Jo-F = 14.4 Hz) and a para fluorine (Jp-F = 3.61 Hz); the ortho and para
orientation of the fluorine atoms shift this signal upfield of “e”. Peak “i” at 112.1 ppm
appears as doublet of doublets due to coupling with an ortho (Jo-F = 21.97 Hz) and a para
(Jp-F = 3.82 Hz) fluorine atom. Peak “b” appears at 105.8 ppm appears as a doublet of
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doublets due to coupling with two non-equivalent ortho fluorine atoms (Jo-F-1 = 26.0 Hz;
Jo-F-2 = 24.9 Hz). Peaks “i" and “b” are shifted upfield due to electron donation by ortho
and para fluorine atoms. As is observed in the

13

C NMR spectra of 2 and 3, peak “f”

exhibits through space with the fluorine atom located ortho to sulfone, appearing as a
doublet with a coupling constant of 2.06 Hz. In 2, peak “j” does not exhibit coupling with
the fluorine atom located meta to itself when a sulfone substituent is located in between
the two atoms. Here however, in 4, peak “j” appears as a doublet of doublets indicating
that the carbon atom is able to couple to both fluorine atoms, located meta to itself.
Although “j” couples with both meta fluorines, the meta coupling constant for the
fluorine atom with a sulfone moiety located in between (Jm-F-2 = 1.33 Hz) is significantly
smaller than that of the coupling constant associated with the meta fluorine without a
sulfone substituent in between (Jm-F-1 = 10.7). This is similar to what is observed in the
2,6-DFDPS system (3) in which the two C-F bonds are located meta to one another with
a sulfone substituent in between. The observed C-F bond coupling with a meta fluorine
(Jm-F = 3.77 Hz) in 3 is significantly smaller than what is observed in the 3,5-DFDPS (1)
system (Jm-F = 12.19 Hz) and the 2,4-DFDPS (4) system (Jm-F = 11.20 Hz) in which the
C-F bonds have a meta orientation to one another without a sulfone moiety in between.
The smaller coupling constants indicate that coupling likely takes place through a longer
pathway, rather than the meta pathway.
This phenomenon is also observed in the DEPT 90

13

C NMR spectrum of the

starting material, 2,4-DFBSC (Figure 14). In this spectrum however, peak “c” which was
expected to be a doublet of doublets, appears as a doublet. The only difference is the
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presence of a phenyl ring versus a chloride; however, this appears to be sufficient enough
to lead to the observed result in which meta coupling is completely hindered.

Figure 14. 75.5 MHz DEPT 90 13C NMR spectrum (CDCl3) of 2,4-DFBSC
3.2

Reactivity of DFDPS Isomers
The reactivity of the electrophilic sites in activated aromatic difluoride monomers

designed for NAS has been studied using NMR spectroscopy. In 1995, Carter reported
the use of 13C and 19F NMR spectroscopy to probe electron density at the ipso carbon (the
site of nucleophilic attack). It was concluded then that a positive correlation between an
electron deficient ipso carbon and reactivity towards nucleophilic attack exists. In
general, an ipso carbon with chemical shifts downfield of 162.8 ppm in

13

C and -112.8

ppm in 19F (chemical shifts of fluorobenzene) is increasingly reactive at the electrophilic
site. 38 Electron density studies by

13

C NMR spectroscopy can also be utilized to probe

the reactivity of carbon atoms towards EAS. Chemical shifts upfield of 128.5 ppm in 13C
(chemical shift of benzene) are associated with greater reactivity towards EAS due to
greater electron density at the nucleophilic site. The DFDPS monomers 1-4 were
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examined by both

19

F and

13

C in order to investigate their reactivity towards NAS for

nucleophilic polycondensation and EAS for electrophilic halogenation.
3.3

Reactivity of Electrophilic Sites as Probed by 19F NMR Spectroscopy
An overlay of the 19F NMR spectra of 2-4 is illustrated in Figure 15. The fluorine

atoms in 2 and 4 appear as two unique doublets while the fluorine atoms in 3 appear as a
one singlet due to symmetry. In 2, peak “a” has a chemical shift -115.1 ppm and appears
as a doublet (Jp-F = 18.63 Hz); peak “b” at -114.8 ppm appears as a doublet (Jp-F = 18.29
Hz). Peak “a” in 3 has a chemical shift of -107.4 ppm. In 4, peak “a” at -104.1 ppm
appears as a doublet (Jm-F = 13.43 Hz); peak “b” with a chemical shift of -99.1ppm
appears as a doublet (Jm-F = 13.18 Hz).

Figure 15. 376.5 MHz 19F NMR overlay (DMSO-d6) of DFDPS isomers 2-4
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A summary of he

19

F chemical shifts of 1-4 is given in Figure 16. Reactivity

towards NAS increases with a decrease in electron density at the ipso carbon, which is
indicated by an increase in chemical shift in

19

F NMR spectroscopy. The

19

F chemical

shift of 1 (-106.5 ppm) was previously reported by Kaiti et al., which proved to be
sufficiently activated to undergo NAS reactions in high yields. 29 The chemical shifts of
the 2,5- system (2) are the most upfield of all of the DFDPS isomers at both and for the
ortho (-114.8 ppm) and meta (-115.1 ppm) fluorines. These chemical shifts are also
upfield of fluorobenzene (-112.8 ppm), which is likely due to the para relationship of the
fluorine atoms in 2 because fluorine is a resonance donor. In each of the other DFDPS
isomers, 1, 3, and 4, the fluorine atoms have a meta relationship to one another, and are
thus not affected by the resonance donation of fluorine although they are activated to
NAS by the inductively withdrawing nature of fluorine. The

19

F chemical shift of 3 (-

107.4 ppm) indicates that the monomer is slightly less reactive towards NAS than 1,
while 4 is significantly more reactive at the para position (-99.1 ppm) and slightly more
reactive at the ortho position (-104.1 ppm). Kricheldorf et al. previously synthesized 3
and 4 in 2005; however, chemical shifts for these compounds were not reported. 25
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Figure 16.19F chemical shifts (ppm) (DMSO-d6) of DFDPS isomers 1-4
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3.3.1

Reactivity of Electrophilic Sites as Probed by 13C NMR Spectroscopy
The reactivity of the DFDPS isomers towards EAS was analyzed using 13C NMR

spectroscopy. An overlay of the 13C NMR spectra for 1-4 is illustrated in Figure 17. In
general, the most upfield carbon atoms (electron rich) are the most reactive towards EAS,
while the most downfield carbon atoms (electron poor) are the least reactive towards
EAS. In general, the most electron rich carbon atoms reside on the fluorinated rings of 14. In 1, 3, and 4, the fluorine atoms have a meta relationship to one another and the
carbon atoms located in between these two resonance donating atoms tend to be the most
electron rich carbons of each system. In 1, the most electron rich carbon atom is “a”
(110.1 ppm); in 4 the most electron rich carbon atom is “b” (106.6 ppm). In 3 however,
the carbon atom located in between the two fluorines “d” (118.6 ppm) is also is directly
attached to a strong EWG, sulfone, decreasing electron density at this site. Instead “b”
(114.4 ppm), which is located ortho and para to fluorine is the most electron rich carbon
in 3. In 2, the three most electron rich carbon atoms “j” (116.6 ppm), “b” (120.2 ppm),
and “a” (124.2 ppm), are each located ortho and meta to the fluorine atoms. These
carbons are not as electron rich as any of the most electron rich carbons of 1, 3, and 4, as
indicated by an increase in their chemical shifts.
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Figure 17. 75.5 MHz 13C NMR overlay (DMSO-d6) of DFDPS isomers 1-4
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Figure 18. 13C chemical shifts (ppm) (DMSO-d6) of DFDPS isomers 1-4
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The 13C chemical shifts of 1-4 are illustrated in Figure 18. The reactivity pattern
towards NAS increases with a decrease in electron density at the ipso carbon, which is
indicated by an increase in chemical shift in

13

C NMR spectroscopy. The electron poor

carbon atoms of 1-4 are depicted in blue, which correlate well with the

19

F NMR data

discussed previously. Reactivity towards EAS increases with an increase in electron
density, which is indicated by a decrease in chemical shift in 13C NMR spectroscopy. The
electron rich carbon atoms of 1-4 are depicted in red. As previously mentioned, the

13

C

NMR data indicate that the most electron rich carbon atoms for 1-4 reside on the
fluorinated rings, specifically, at the carbon atoms located ortho or para to a fluorine
atom, a resonance EDG.
3.4

Electrophilic iodination of DFDPS isomers 1-4 using NIS
Sulfuric acid was used as the solvent and catalyst for the electrophilic iodination

reactions of 1-4 by N-iodosuccinimide (NIS). The electrophile is generated by the
protonation of one of the oxygen atoms of the NIS, resulting in a positive charge on
oxygen. The lone pair on nitrogen kicks in to form a double bond to carbon, resulting in a
resonance structure containing a positive charge on the nitrogen atom. Concurrently, the
double bond to oxygen is broken and the oxygen atom becomes neutral.
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Scheme 20. Mechanism for the generation of NIS electrophile with H2SO4 catalyst
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3.4.1

Electrophilic iodination on the bottom ring of DFDPS isomers 1-4
The

13

C NMR data of 1-4 concluded that the most electron rich carbon atoms

resided on the fluorinated rings. As illustrated in Figure 19, this suggested that EAS
should occur ortho to the fluorines and para to the sulfone in 1, ortho and meta to the
fluorines and ortho to the sulfone in 2, ortho and para to the fluorines and meta to the
sulfone in 3, and finally, ortho to the fluorines and meta to the sulfone in 4.
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O S O

O S O
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Predicted site of EAS

Figure 19. Predicted site of EAS for 1-4
Previous studies by Tatli have suggested a discontinuity between reactivity and
intermediate stability in 1. 1 When 1 is iodinated by an EAS pathway, iodination occurs
on the pendent, non-fluorinated ring, not at the most electron rich carbon atom. This
sparked an investigation to understand why EAS did not occur at the most reactive site of
1 and to determine if other isomers of DFDPS 2-4 experienced this discontinuity. A
general mechanism for the electrophilic iodination on the non-fluorinated ring of 1-4 is
illustrated in Scheme 21. EAS occurs in two steps. First, there is a reversible nucleophilic
attack by the pi electrons in the pendent phenyl ring at the NIS electrophile. An iodo
group is added to the phenyl ring, dearomatizing the system. The cationic intermediate
undergoes resonance to stabilize the positive charge (Scheme 22), which can be
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represented by a Wheland intermediate. In the second and normally irreversible step, a
proton is abstracted by base in solution and the system is rearomatized. The iodo group is
directed to the meta position by the sulfone.
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Scheme 21. Mechanism for electrophilic iodination on the non-fluorinated ring of 1-4
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Scheme 22. Resonance structures of 1-4 when EAS occurs on the non-fluorinated ring
3.4.2

Electrophilic iodination at the most electron rich sites of 1 and 2
According to the 13C chemical shifts reported in Figure 18, the most electron rich

site on 1 is located ortho to the two fluorine atoms and para to the sulfone. The following
mechanism (Scheme 23) illustrates how EAS would occur at this position.
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Scheme 23. Mechanism for electrophilic iodination at the most electron rich site of 1
When iodination occurs at the most reactive position of 1, there are a greater
number of resonance contributors than when EAS occurs on the non-fluorinated ring.
This is due to the ability of fluorine to stabilize the cationic intermediate by resonance
donation. As illustrated in Scheme 24, when the cation resonates to a carbon atom
adjacent to fluorine, a lone pair from fluorine is able to kick in electron density to
stabilize the intermediate. This forms a double bond to the carbon atom, which results in
a positive charge on the fluorine atom. Fluorine is an ortho/para director for EAS. The
ortho relationship of the fluorine atoms is stabilizing to the intermediate; the para
relationship of the sulfone is destabilizing. Sulfone is a meta director for EAS; if EAS
occurs ortho or para to sulfone, a resonance structure containing the cation landing
directly on the carbon adjacent to the EWG is formed. This resonance form is very high
in energy and will do very little to contribute to the stabilization of the intermediate.
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Scheme 24. Resonance structures of 1 when EAS occurs at the most electron rich site
The Wheland intermediates of 1 and 2 when EAS occurs at the most reactive
positions according to

13

C NMR data are illustrated in Figure 20. Asterisks are color

coded and placed at the positions where a positive charge will end up in each of the
resonance structures. Blue asterisks indicate additional stabilization factors while red
asterisks indicate decreased stabilization at this position. The resonance structures in
Scheme 24 can be represented by the first of the three Wheland intermediates. When
EAS occurs at the most reactive positions of 1 or 2, a positive charge ends up on the
carbon atoms directly adjacent to the sulfone. Although these are the most reactive sites,
their destabilized intermediates could lead to a different major product indicating that
reactivity does not always correlate to intermediate stability.
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Figure 20. Wheland intermediates of EAS at most electron rich sites of 1 and 2
3.4.3

Electrophilic iodination at most electron rich sites of 3 and 4
According to the 13C chemical shifts reported in Figure 18, the most electron rich

site on 3 is located ortho and para to the two fluorine atoms and meta to the sulfone. The
following mechanism (Scheme 25) illustrates how EAS would occur at the most reactive
site for EAS on 3. Since fluorine is an ortho/para director and sulfone is a meta director,
it can be predicted that the most reactive position in 3 will have a stable intermediate.
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Scheme 25. Mechanism for electrophilic iodination at most electron rich site of 3
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The resonance structures for this reaction are illustrated in Scheme 26. The
fluorine atoms, which are located ortho and para to the site of EAS are able to stabilize
the intermediate structures. Also, because the most electron rich site is located meta to
sulfone in 3, there is not a destabilization as in 1 and 2 where the most electron rich sites
are located ortho or para to sulfone.
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Scheme 26. Resonance structures of 3 when EAS occurs at most electron rich site
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Figure 21. Wheland intermediates of EAS at most electron rich sites of 3 and 4
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The Wheland intermediates of 3 and 4 when EAS occurs are the most electron
rich sites according to the 13C NMR data are illustrated in Figure 21. Asterisks are place
where a positive charge will end up in the resonance structures of the respective
resonance intermediates. Blue asterisks represent where a cation will end up that can be
stabilized by fluorine resonance. Unlike the Wheland intermediates of the most reactive
site in 1 and 2, here there is not a destabilization associated with a cation ending up on
the carbon adjacent to sulfone. The

13

C chemical shifts in Figure 18 indicated that 2,6-

DFDPS (3) has one electron rich site. EAS at this position is favored by all of the
substituents on the ring. The 2,4-DFDPS isomer 4 has two electron rich sites and EAS at
either of these positions is also favored by all of the substituents on the ring.
3.5

Iodination of DFDPS isomers 1-4 using NIS
I

1-4
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N
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Aryl iodide

Scheme 27. Electrophilic iodination of 1-4 using NIS in concentrated sulfuric acid
Concentrated sulfuric acid was used to catalyze the electrophilic iodination
reactions of 1-4 using a slight excess of NIS at room temperature with no exposure to
light. The reactions were monitored by GC/MS to confirm conversion of starting
materials to aryl iodides. Each reaction resulted in a distribution of products, which are
listed in accordance to their mass to charge ratios and retention times in Table 1.
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Table 1. Percent distribution for iodination products of 1-4, as determined by GC/MS

Starting material (m/z = 254)

1
2

2
9

3
3

4
28

Mono-iodinated (m/z = 380)

-

-

92

39

Mono-iodinated (m/z = 380)

96

91

3

24

Di-iodinated (m/z = 505)

2

-

2

10

The major products for the electrophilic iodination of 1-4 are highlighted in gold.
DFDPS isomers 1, 2, and 3 each resulted in one major iodination product, while the
electrophilic iodination of 4 resulted in a wider distribution of products. The structures of
the resultant aryl iodides were characterized using 1H,

13

C, and

19

F NMR spectroscopy

and elemental analysis, which will be discussed in greater detail.
3.5.1

Characterization of major iodination product of 1
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Scheme 28. Electrophilic iodination of 1 using NIS in concentrated sulfuric acid
The electrophilic iodination of 3,5-DFDPS (1), previously synthesized by Kaiti et
al., resulted in one major product, 3’-iodo-3,5-difluorodiphenyl sulfone (1a). In 2012,
Tatli reported the synthesis of 1a and used the “pre” functionalized monomer for
polymerization reactions. The resultant pendent iodo containing PAESs were “post”
functionalized using a variety of techniques. 1 The structure of 1a was confirmed by 1H,
13

C, and 19F NMR spectroscopy, GC/MS, and elemental analysis, all of which correlated
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to previous data analysis by Tatli. The 1H and 13C NMR spectral overlays of 1 and 1a are
illustrated below in Figure 22 and Figure 23, respectively.
The introduction of an iodo group in 1a results in a 1H NMR spectrum that looks
vastly different from that of the starting material 1 (Figure 22). The 1H NMR spectrum
of 1a contains five unique signals. The most upfield signal, “d” at 7.43 ppm appears as a
triplet of doublets due to coupling with two ortho protons with the same coupling
constant (Jo-H = 7.90 Hz) and a para proton (Jo-H = 0.31 Hz). Signal “a” at 7.66 ppm
appears as a triplet of triplets due to coupling with two ortho fluorines with the same
coupling constant (Jo-F = 9.12 Hz) and two meta protons with the same coupling constant
(Jm-H = 2.33 Hz). Signals “b” (8.37 ppm), “c, e” (8.07 ppm), and “f” (8.37 ppm) each
appear as complex multiplets. Because “f” is located ortho to two EWGs, sulfone and
iodo, the signal is shifted downfield.

Figure 22. 300 MHz 1H NMR overlay (DMSO-d6) of 1 and iodination product 1a
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The

13

C NMR overlay of 1 and 1a (Figure 23) indicates that “a” is the most

electron rich carbon atom in 1. However, the

13

C NMR data of 1a indicates that

electrophilic iodination did not occur at this position. Instead, the spectrum suggests that
iodination occurred on the pendent, non-fluorinated ring. This is indicated by the
formation of two new peaks in 1a; peak “i" at 96.2 ppm, and peak “j” at 143.4 ppm. The
former is the new carbon-iodine bond. It is important to note that the splitting pattern of
peak “i" is a singlet, indicating that iodination occurred on the pendent, non-fluorinated
ring. If iodination were to have occurred on the fluorinated ring, the carbon-iodine bond
would have experience coupling with the fluorine atoms. Also, the peak would have been
shifted upfield of a normal carbon iodine bond. The latter of the new bonds, peak “j” is
observed as a result of the dissymmetry caused by the new iodo group. Peak “h” is
shifted downfield in 1a due to the inductively withdrawing effects of iodine. It is
important to mention that the splitting patterns of “a”, “c”, “d”, and “b” are still observed
indicating that the fluorinated ring has not been altered. The 19F[1H] NMR spectrum of 1a
contained a single singlet at -105.2 ppm, further confirming that iodination occurred on
the non-fluorinated ring.

61

Figure 23. 75.5 MHz 13C NMR overlay (DMSO-d6) of 1 and iodination product 1a
3.5.2

Characterization of major iodination product of 2
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Scheme 29. Iodination of 2 using NIS
The electrophilic iodination of 2,5-DFDPS (2) resulted in one major product, 3’iodo-2,5-difluorodiphenyl sulfone (2a). An iodo group was successfully added by EAS
on the pendent, non-fluorinated ring. The structure of 2a was confirmed by 1H, 13C, and
19

F NMR spectroscopy, GC/MS, and elemental analysis. The 1H and
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13

C NMR spectral

overlays of 2 and 2a are illustrated in Figure 24 and Figure 25, respectively. The

19

F

NMR overlay of 2 and 2a is illustrated in Figure 26.
The 1H NMR spectrum of 2a contains six unique signals (Figure 24). The most
upfield signals, “d” and “b” overlap. Peak “a” at 7.69 ppm appears as a doublet of
doublets of doublets of doublets due to coupling with an ortho fluorine (Jo-F = 9.15 Hz),
an ortho proton (Jo-H = 7.44 Hz), a meta fluorine (Jm-F = 4.20 Hz), and a meta proton (Jm-H
= 3.25 Hz). Peak “f” at 7.90 ppm appears as a doublet of doublets of doublets due to
coupling with an ortho fluorine (Jo-F = 7.29 Hz), a meta fluorine (Jm-F = 5.67 Hz), and a
meta proton (Jm-H = 3.21 Hz). The iodo group in 2a disrupts the symmetry of the nonfluorinated ring and results in a new signal, “g”. Because “g” is located ortho to two
EWGs, this signal is shifted downfield to 8.26 ppm and appears as a multiplet.

Figure 24. 300 MHz 1H NMR overlay (DMSO-d6) of 2 and iodination product 2a
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The

13

C NMR overlay of 2 and 2a (Figure 25) indicates that “j” is the most

electron rich carbon atom in 2. However, the

13

C NMR data of 2a indicates that

electrophilic iodination did not occur at this position. Instead, the spectrum suggests that
iodination occurred on the pendent, non-fluorinated ring. This is indicated by the
formation of two new peaks in 2a: peak “l" at 95.9 ppm, and peak “k” at 135.9 ppm. Peak
“l” is the new carbon-iodine bond, which is a singlet. This indicates that iodination
occurred on the pendent, non-fluorinated ring. If iodination were to have occurred on the
fluorinated ring, the carbon-iodine bond would have experienced coupling with the
fluorine atoms. Also, the peak would have been shifted upfield of a normal carbon iodine
bond. Peak “k” is observed as a result of the dissymmetry caused by the new iodo group.
Note here that like peak “f” in both 2 and 2a, peak “k” is observed as a doublet due to
through space coupling with the ortho fluorine. Peak “h” is shifted downfield in 2a do to
the inductively withdrawing effects of iodine. Note that the splitting patterns of “a”, “c”,
“d”, and “b” are still observed.
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Figure 25. 75.5 MHz 13C NMR overlay (DMSO-d6) of 2 and iodination product 2a
The structures of both 2 and 2a were characterized by 19F[1H] NMR spectroscopy
(Figure 26). The

19

F[1H] NMR spectrum of 2 contains two signals. Peak “a” at -115.1

ppm appears as a doublet due to coupling with a para fluorine atom (Jp-F = 18.63 Hz);
peak “b” at -114.7 ppm appears as a doublet due to coupling with a para fluorine atom
(Jp-F = 18.28 Hz). The chemical shift difference for peaks “a” and “b” in 2 is ∆v = 139.47
Hz. The 19F[1H] NMR spectrum of 2a also contains two signals. Peak “a” at -114.9 ppm
appears as a doublet due to coupling with a para fluorine atom (Jp-F = 18.31 Hz); peak
“b” at -114.8 ppm appears as a doublet due to coupling with a para fluorine atom (Jp-F =
18.61 Hz). The chemical shift difference for peaks “a” and “b” in 2a is ∆v = 32.12 Hz.
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Figure 26. 376.5 MHz 19F[1H] NMR overlay (DMSO-d6) of 2 and iodination product 2a
From Silverstein et al., when the chemical shift difference in hertz (∆v) is much
larger than the coupling constant (arbitrarily ∆v/J is greater than about 8), the simple
splitting pattern of two doublets appears in 1H NMR spectroscopy. As ∆v/J becomes
smaller, the two doublets approach one another resulting in an increase in intensity of the
inner two peaks and a decrease in intensity of the outer two peaks.

39

This pattern is

observed in the 19F NMR spectra of 2 and 2a, which have ∆v/J values of 7.56 and 1.74,
respectively. The larger ∆v/J of 2 results in a set of doublets with a simple splitting
pattern with a slightly larger intensity of the two innermost peaks. The smaller ∆v/J of 2a
results in two overlapping doublets with a much larger intensity of the two innermost
peaks and a decreased intensity of the two outermost peaks.
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3.5.3

Characterization of major iodination product of 3
I
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Scheme 30. Iodination of 3 using NIS
The electrophilic iodination of 2,6-DFDPS (3) resulted in one major product, 2,6difluoro-3-iododiphenyl sulfone (3a). Electrophilic iodination of 3 results in the addition
of an iodo group on the fluorinated ring. The structure of 3a was confirmed by 1H, 13C,
and

19

F NMR spectroscopy, GC/MS, and elemental analysis. The 1H,

13

C CPD, and

19

F

NMR spectral overlays of 3 and 3a are illustrated in Figure 27, Figure 28, and Figure
29, respectively.
The 1H NMR spectrum of 3a contains five unique signals (Figure 27). The most
upfield peak, “b” at 7.20 ppm appears as a doublet of doublets of doublets due to
coupling with an ortho fluorine (Jo-F = 10.34 Hz), an ortho proton (Jo-H = 8.89 Hz), and a
para fluorine (Jp-F = 1.48 Hz). Peak “b” in 3a integrates to one proton while the same
signal in 3 integrates to two protons, confirming that iodination occurs at this position.
Peak “a” in 3a is shifted upfield to 8.21 ppm due to the ortho orientation of inductively
withdrawing iodine. This signal appears as a doublet of doublets of doublets due to
coupling with an ortho proton (Jo-H = 8.90 Hz) and two meta fluorine atoms with nonequivalent coupling constants (Jm-F-1 = 6.91 Hz; Jm-F-2 = 5.91 Hz). Peak “c” is identical in
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both 3 and 3a, confirming that iodination did not occur on the pendent, non-fluorinated
ring.

Figure 27. 300 MHz 1H NMR overlay (DMSO-d6) of 3 and iodination product 3a
The

13

C NMR overlay of 3 and 3a (Figure 28) indicates that the most electron

rich carbon atom of 3 is “b”. The

13

C NMR data of 3a indicates that electrophilic

iodination did occur at this position. This is suggested by the formation of two new peaks
in 3a; peak “i" at 80.1 ppm, and peak “j” at 160.2 ppm. Peak “i” is the new carbon-iodine
bond, which is a doublet of doublets which indicates that iodination occurred on the
fluorinated ring because the carbon atom with the iodo group attached experiences
coupling with both fluorine atoms. Also, the peak is shifted upfield of a normal carbon
iodine bond. Peak “j” is observed as a result of the dissymmetry caused by the newly
added iodo group. Note here that peak “f” in both 3 and 3a experiences through space
coupling with the ortho fluorines. Peak “a” in 3 has a chemical shift of 135.6 ppm and
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appears as a triplet due to coupling with two meta fluorine atoms with equivalent
coupling constants (Jm-F = 11.01 Hz). Peak “a” in 3a is shifted downfield to 145.8 ppm
and appears as a doublet of doublets due to coupling with two non-equivalent meta
fluorine atoms (Jm-F-1 = 10.59 Hz; Jm-F = 4.65 Hz).

Figure 28. 75.5 MHz 13C NMR overlay (DMSO-d6) of 3 and iodination product 3a
The

19

F NMR data for 3a further confirms the addition of an iodo group on the

fluorinated ring (Figure 29). In the 19F NMR spectrum of 3, a single peak (“a” at -107.4
ppm) is observed because of structural symmetry. In 3a, the symmetry is broken,
resulting in two non-equivalent fluorine atoms, peak “a” at -107.4 ppm and peak “b” at 86.1 ppm. It would be expected that these signals would appear as doublets. However,
they are observed as singlets. Similar to what was observed in the
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13

C NMR data of

DFDPS isomers 2-4, 2,5-DFBSC, and 2,4-DFBSC, something is inhibiting coupling from
occurring past the sulfone group.

Figure 29. 376.5 MHz 19F[1H] NMR overlay (DMSO-d6) of 3 and iodination product 3a
3.5.4

Characterization of iodination products of 4
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Scheme 31. Iodination of 4 using NIS
As indicated by the GC/MS results in Table 1, the acid catalyzed electrophilic
iodination of 4 resulted in a variety of iodination products. 13C CPD NMR spectroscopy
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was used to determine the possible structures of the iodination products 4a-d based on the
formation of carbon-iodine bonds. In Figure 30, the proposed structures of iodination
products 4a-d are illustrated and the predicted splitting patterns for the carbon-iodine
bonds of are also shown. The 13C NMR spectral overlay of 4 and the iodination products
4a-d is illustrated below in Figure 31. There are two unique singlets at about 96 ppm,
indicating the formation of two types of C-I bonds on the pendent, non-fluorinated ring.
There are three unique doublets of doublets at about 79 ppm, indicating the formation of
three different types of C-I bonds on the fluorinated ring.

Doublet of doublets
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Figure 30. Predicted 13C NMR splitting patterns of possible 4 iodination products (4a-d)
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Figure 31. 75.5 MHz 13C NMR overlay (DMSO-d6) of 4 and 4a-d
3.5.5

Iodination results
The goal of this project was to introduce an iodo group on the pendent, non-

fluorinated ring of a series of DFDPS isomers 1-4, which may be utilized as monomer for
nucleophilic polycondensation reactions. This would allow for the synthesis of PAES
derivatives containing truly pendent iodo groups, which could be converted to other
functional groups by post polymerization modification chemistry without directly altering
any of the atoms in the backbone of the polymer chain. In agreement with previous
studies by Tatli, the iodination of 3,5-DFDPS (1) resulted in the successful introduction
of an iodo moiety on the pendent, non-fluorinated phenyl ring (1a). 1 The iodination of
2,5-DFDPS (2) also resulted in the successful introduction of an iodo moiety on the
pendent, non-fluorinated phenyl ring (2a). The iodination of 2,6-DFDPS (3) resulted in
the introduction of an iodo group on non-fluorinated phenyl ring (3a). Polymerization of
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3a would result in a PAES in which the iodo group is directly carried into the backbone.
Any post modification chemistry to this iodine would directly alter the backbone of the
polymer chain. The iodination of 2,4-DFDPS (4) resulted in a mixture of products 4a-d.
3.6

Model study of 2 using tert-butyl phenol
F

F
F
O S O

t-butyl phenol (2 eq.)
K2CO3/NMP
∆ 150 ˚C, 48 h; 185 ˚C, 48 h

OR
O S O

R=
2

5

Scheme 32. Model reaction of 2 using tert-butyl phenol
A model reaction simulating polymerization conditions was utilized to determine
the functionality of 2 as a monomer for nucleophilic polycondensation chemistry. As
outlined in Scheme 32, a reaction was run using monomer 2 with two equivalents of tertbutyl phenol in the presence of K2CO3 base with NMP as solvent. The reaction mixture
was heated to 150 ˚C for a period of 48 hours at which point analysis of an aliquot by
GC/MS indicated complete conversion of 2 to mono-substituted model compound 5. In
an effort to push the conversion of 5 to the di-substituted model compound, the reaction
mixture was heated to 185˚C for an additional 48 hours. Analysis by GC/MS indicated no
conversion of 5 to the di-substituted model compound.
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Figure 32. 75.5 MHz 13C NMR overlay (CDCl3) of 2 and 5
The 13C CDP NMR spectral overlay of 2 and 5 is depicted in Figure 32. Peak “i"
in 5 represents the presences of a carbon-fluorine bond. Peak “a” in 2 appears as a
doublet of doublets due to coupling with two fluorine atoms. In 5, “a” appears as a
doublet due to coupling with an ortho fluorine atom. Although both 1 and 2 resulted in
the successful introduction of an iodo group on the pendent, non-fluorinated ring, 2
cannot be utilized for nucleophilic polycondensation chemistry. This is likely due to the
para relationship of the fluorine atoms, which increases electron density at the opposite
ipso carbon by resonance donation, decreasing the rate of nucleophilic attack. The
electron donating ether group in 5 further decreases the rate of nucleophilic attack.
Although 2 results in the successful introduction of an iodo group on the pendent, non74

fluorinated ring, this system cannot be used for nucleophilic polycondensation chemistry.
Both 1 and 1a have been successfully used for polymerization by nucleophilic
polycondensation. 1,29,33
3.7

Sulfonamide activated monomers for nucleophilic polycondensation

3.7.1 Synthesis of 3,5-difluoro-N,N-diphenylbenzenesulfonamide (6)
A meta activated sulfonamide monomer for nucleophilic polycondensation
chemistry containing two pendent phenyl rings, 3,5-difluoro-N,N-diphenylbenzenesulfonamide, 3,5-DF-N,N-DPBSA (6) has been synthesized . The goal was then to utilize
6 for nucleophilic polycondensation reactions in order to synthesize a series of a new
class of PAEs, poly arylene ether sulfonamides. Monomer 6 carries two pendent phenyl
rings with the potential for “pre” and “post” modification chemistry. As illustrated in
Scheme 33, the synthesis process occurs by an SN2 nucleophilic substitution.
Diphenylamine (DPA) is a relativity weak nucleophile due to resonance of the lone pair
on nitrogen with the two phenyl rings in the compound. Rather than make DPA more
nucleophilic by treatment with base, pyridine was used to catalyze the reaction by making
3,5-difluorobenzenesulfonyl chloride (DFBSC) a better electrophile. In the first step, the
BSC starting material is allowed to react with an excess of pyridine at room temperature
for one hour. There is a nucleophilic attack by pyridine at the sulfonyl chloride in which
chlorine is forced out as the leaving group. This results in a cationic pyridinium
compound that is more electrophilic than the respective BSC starting material. DPA was
added to the reaction mixture and the reactants were heated to reflux for a period of 72
hours. Analysis by GC/MS indicated nearly quantitative conversion of starting materials
to products, but only when anhydrous solvents were used. If the used solvents were not
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thoroughly dried, the reaction was significantly slower and never gave quantitative
conversion. This is believed to be due to the nucleophilic displacement of chlorine in the
BSC by water at the elevated temperatures, resulting in the corresponding sulfonic acid.
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Scheme 33. Synthesis of 3,5-DF-N,N-DPBSA (6)
The structure of monomer 6 was confirmed by 1H,

13

spectroscopy, GC/MS, and elemental analysis. The 1H and

C CPD, and
13

19

F NMR

C NMR spectra are

illustrated in Figure 33 and Figure 34, respectively. The 19F NMR spectrum of 6 is later
shown in Figure 37 and will be discussed in greater detail. The 1H NMR spectrum of 6
contains two major signals. The upfield signal, associated with peak “a” at 7.07 ppm
appears as a triplet of triplets due to coupling with two ortho fluorine atoms with equal
coupling constants (Jo-F = 8.46 Hz) and two meta protons with equal coupling constants
(Jm-H = 2.33 Hz). Peaks “b”, “c”, “d”, and “e” overlap and appear as a complex multiple.
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Figure 33. 300 MHz 1H NMR spectrum (CDCl3) of 3,5-DF-N,N-DPBSA (6)
The

13

C NMR spectrum contains eight signals. The most upfield signal at about

108.4 ppm is peak “a” appears as a triplet coupling with two equivalent ortho fluorines
(Jo-F = 25.01 Hz). Peak “c” at about 111.3 ppm appears as a doublet of doublets due to
coupling with an ortho fluorine (Jo-F = 18.66 Hz) and a para fluorine (Jp-F = 9.24 Hz).
Peaks “a” and “c” are shifted upfield due to electron donation by fluorine atoms in the
ortho or para position. Peak “d” appears as a triplet at 143.7 ppm due to coupling with
two meta fluorines with equal coupling constants (Jm-F = 8.30 Hz). It is important to note
here this carbon is shifted downfield due to the electron withdrawing nature of sulfone.
Peak “b” at 162.6 ppm appears as a doublet of doublets due to coupling with the fluorine
in C-F bond (J1 = 254.73 Hz) and a meta fluorine (Jm-F = 17.28 Hz). All other signals in
the 13C NMR spectrum appear as singlets.
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Figure 34. 75.5 MHz 13C NMR spectrum (CDCl3) of 3,5-DF-N,N-DPBSA (6)
3.7.2 Synthesis of 2,4-difluoro-N,N-diphenylbenzenesulfonamide (7)
An alternative to the meta activated sulfonamide system is an ortho/para
activated monomer. An ortho/para activated sulfonamide monomer for nucleophilic
polycondensation chemistry containing two pendent phenyl rings, 2,4-difluoro-N,Ndiphenylbenzene-sulfonamide, 2,4-DF-N,N-DPBSA (7) was synthesized (Scheme 34).
Similar to 6, the synthesis of 7 occurs by an SN2 nucleophilic substitution. Rather than
making DPA more nucleophilic by treatment with base, pyridine was used to catalyze the
reaction by making 2,4-DFBSC a better electrophile. In the first step, the BSC starting
material is allowed to react with an excess of pyridine at room temperature for one hour.
There is a nucleophilic attack by pyridine at the sulfonyl chloride in which chlorine is
forced out as the leaving group, which results in a cationic pyridinium compound that is
more electrophilic than the respective BSC starting material. DPA was added to the
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reaction mixture and the reactants were heated to reflux for a period of 72 hours at which
point analysis of an aliquot by GC/MS indicated 85% conversion of starting materials to
product. The reaction mixture was heated to reflux with stirring for an additional 18
hours at which point analysis of an aliquot by GC/MS indicated 94% conversion of
starting materials to desired product, never reaching quantitative conversion. This is
believed to be due to the use of solvents that were not thoroughly dried. In the future,
anhydrous solvents should be used in order to prevent the side reaction of water with
BSC resulting in the corresponding sulfonic acid. The structure of monomer 7 was
confirmed by 1H, 13C CPD, and 19F NMR spectroscopy, GC/MS, and elemental analysis.
The 1H and

13

C NMR spectra are illustrated in Figure 35 and Figure 36, respectively.

The 19F NMR spectrum of 7 is later shown in Figure 37 and will be discussed in some
detail.
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Scheme 34. Synthesis of 2,4-DF-N,N-DPBSA (7)
The 1H NMR spectrum of 7 contains three major signals, each of which appears
as a complex multiplet. The most upfield signal is associated with protons “a” and “b”,
with a chemical shift of 6.96 ppm. These protons are shifted upfield due to electron
donation by ortho and para fluorine atoms. Peaks “d, e, f” overlap and are attributed to
the protons on the pendent, non-fluorinated ring. These signals are shifted upfield due to
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electron donation by nitrogen, a resonance donor. Signal “c” is shifted downfield due to
the electron withdrawing nature of the sulfone, located ortho to proton “c”.

Figure 35. 300 MHz 1H NMR spectrum (CDCl3) of 2,4-DF-N,N-DPBSA (7)

Figure 36. 75.5 MHz 13C NMR spectrum (CDCl3) of 2,4-DF-N,N-DPBSA (7)
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The

13

C NMR spectrum contains ten signals. The most upfield signal at 105.7

ppm is peak “b” and appears as a doublet of doublets due to coupling with two ortho
fluorine atoms with unequal coupling constants (Jo-F-1 = 26.02 Hz; Jo-F-2 = 25.02 Hz).
Peak “i” at about 111.8 ppm appears as a doublet of doublets due to coupling with an
ortho-fluorine (Jo-F = 22.10 Hz) and a para-fluorine (Jp-F = 4.10 Hz). Peaks “b” and “i”
are shifted upfield due to electron donation by fluorine atoms in the ortho or para
position. Peak “d” appears as a doublet of doublets at 133.4 ppm due to coupling with an
ortho-fluorine (Jo-F = 10.48 Hz) and a para-fluorine (Jp-F = 1.59 Hz). It is important to
note here this carbon is shifted downfield due to the electron withdrawing nature of
sulfone but less so than in 6 because of electron donation by ortho and para fluorine.
Peak “a” at 166.0 ppm appears as a doublet of doublets due to coupling with the fluorine
in C-F bond (J1 = 259.0 Hz) and a meta fluorine (Jm-F = 11.02 Hz). Peak “c” at 159.7 ppm
appears as a doublet of doublets due to coupling with the fluorine in the C-F bond (J1 =
261.9 Hz) and a meta fluorine (Jm-F = 11.10 Hz). Peaks “a” and “c” are the most
downfield carbons due to the inductively withdrawing nature of fluorine and sulfone. As
in the DFDPS isomers 2, 3, and 4, peak “f” in 7 experiences through space coupling with
the fluorine atom located ortho to the sulfone and appears as a doublet with a coupling
constant of 1.01 Hz. All other signals in the 13C NMR spectrum appear as singlets.
3.8

Competition reaction of 6 and 7 using 3 eq. tert-butyl phenol
The DF-N,N-DPBSA monomers, 6 and 7 were characterized by

19

F NMR

spectroscopy, which resulted in one signal for 6 and two unique signals for 7. Peak “a” in
6 has a chemical shift of -105.6 ppm. Peak “a” in 7 has a chemical shift of -100.2 ppm
and appears as a doublet due to coupling with a meta fluorine (Jm-F = 13.31 Hz); peak “b”
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in 7 at -102.2 ppm also appears as a doublet due to meta fluorine coupling (Jm-F = 13.05
Hz). It was not unexpected that the 19F NMR chemical shifts for 6 and 7 indicate that the
ortho (-102.2 ppm) and para (-100.2 ppm) positions of 7 are significantly more reactive
towards NAS than the meta (-105.6 ppm) positions of 6. It was our effort however to
determine whether or not the ortho position of 7 was sterically hindered enough to inhibit
nucleophilic attack and fluorine displacement at this position in 7.

Figure 37. 376.5 MHz 19F NMR overlay (DMSO-d6) of 6 and 7
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Scheme 35. Competition reaction of 6 and 7 using 3 eq. tert-butyl phenol
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O S O
N

As illustrated in Scheme 35, a competition reaction using equimolar quantities of
6 and 7 with three equivalents of tert-butyl phenol and base in NMP at 185 ˚C was
utilized to determine the three most favored sites for NAS. The reaction was monitored
by DEPT 90

13

C NMR spectroscopy, which determined that the diphenylsulfonamide

moiety did not sterically inhibit the ortho position of 7 from successfully undergoing
NAS. A DEPT 90

13

C NMR overlay of 6 in NMP, 6 and 7 in NMP, an aliquot of the

reaction mixture at 1 hour, and an aliquot at 21 hours, all in DMSO-d6, is illustrated
below in Figure 38. The splitting patterns of red peaks “a” and “b” in 6 and blue peaks
“a”, “b”, and “c” in 7 were monitored to determine fluorine displacement. At a reaction
time of 1 hour, red “a” (109.6 ppm) collapsed from a triplet to a doublet at 111.6 ppm
(purple “a”) and red “b” (111.5 ppm) collapsed from a doublet of doublets to a doublet at
109.0 ppm (purple “b”) indicating the displacement of one of the meta fluorine atoms in
6. Also, blue “a” (106.7 ppm), “b” (112.8 ppm), and “c” (133.4 ppm) of 7 each collapsed
from a doublet of doublets to singlets at chemical shifts of 106.3 ppm, 110.8 ppm, and
134.0 ppm, respectively (illustrated in green), indicating the displacement of both ortho
and para fluorines of 7. The presence of a signal at 133.1 ppm (orange “c”) indicates the
presence of some para mono-substituted 7. However, it is clear from DEPT 90 13C NMR
spectra that ortho and para di-substituted 7 and meta mono-substituted 6 account for the
major products of the competition reaction. Very little change is observed from 1 hour to
21 hours.
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Figure 38. 75.5 MHz DEPT 90 NMR overlay (DMSO-d6) of 6, 6 and 7, competition
reaction at 1 hour, competition reaction at 21 hours
3.9

Synthesis of 3,5-DF-N,N-DFBSA model compound (8)
A model study using two equivalents tert-butyl phenol was run to determine if 6

could successfully under NAS undergo typical polymerization conditions (Scheme 36).
Initial analysis by DEPT 90 NMR spectroscopy indicated complete conversion of 6 to 8
at 21 hours under these reaction conditions. The structure of 8 was confirmed by 1H and
13

C NMR spectroscopy, and elemental analysis. The 1H and

illustrated in Figure 39 and Figure 40, respectively.
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C NMR spectra are
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Scheme 36. Model reaction of 6 using 2 eq. tert-butyl phenol
The 1H NMR spectrum of 8 contains three unique signals. The most upfield peak
is an aliphatic singlet “h”. Peaks “a”, “c”, and “e” overlap and appear as a multiplet.
These signals are shifted upfield due to electron donation by oxygen or nitrogen atoms.
The farthest downfield signal is a multiplet, which accounts for “b”, “d”, “f”, and “g”.

Figure 39. 300 MHz 1H NMR spectrum (CDCl3) of 3,5-DF-N,N-DPBSA model (8)
The 13C NMR overlay of 6 and 8 confirms the successful displacement of fluorine
the groups in the 3,5-DF-N,N-DPBSA monomer. The major changes in the spectrum are
the collapse of the triplets and doublets of doublets to singlets, which indicate the
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quantitative displacement of fluoro groups to aryl ether bonds. New signals are also
present which are attributed to the carbon atoms in the tert-butyl phenoxy groups.

Figure 40. 75.5 MHz 13C NMR spectrum (CDCl3) of 6 and 3,5-DF-N,N-DPBSA model
compound
3.10 Synthesis of poly(arylene ether sulfonamide)s, PAESA
3.10.1 Polymerization of 6 with Bisphenol-A to form 9
A poly(arylene ether sulfonamide), 9 was successfully synthesized by the reaction
of 6 with bisphenol-A in the presence of K2CO3 in NMP at 185 ˚C for 21 hours (Scheme
37). The reaction mixture was diluted with THF and precipitated from an excess of
deionized water. The resultant fiber like polymer was reprecipitated from THF/ethanol to
obtain a tan colored fiber (88.5%). Reverse reprecipitation using THF/ethanol was
utilized to remove cylic oligomers
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Scheme 37. Polymerization of 6 with Bisphenol-A
The structure of 9 was confirmed with 1H and

13

C NMR spectroscopy. A

13

C

NMR overlay of 6 and 9 is illustrated in Figure 41. The major changes of the spectrum
indicate the quantitative displacement of both fluorine atoms and the formation of aryl
ether bonds. As in the

13

C NMR spectrum of 8, all triplet and doublets of doublets

collapse to singlets in the polymer.

Figure 41. 75.5 MHz 13C NMR spectrum (CDCl3) of 6 and polymer 9
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3.10.2 Polymerization of 7 with Bisphenol-A to form 10
A poly(arylene ether sulfonamide), 10 was successfully synthesized by the
reaction of 7 with bisphenol-A in the presence of K2CO3 in NMP at 165 ˚C for 21 hours
(Scheme 38). The reaction mixture was diluted with THF and precipitated from an
excess of deionized water. The resultant solid polymer was reprecipitated from
THF/ethanol to obtain a tan colored powder (46.8%). Reverse reprecipitation using
THF/ethanol was utilized to remove cylic oligomers. The purpose of synthesizing
polymer 10 was to compare its properties with those of 9.
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Scheme 38. Polymerization of 7 with Bisphenol-A
The

13

C CPD NMR spectrum of polymer 10 resulted in multiple types of ether

bonds. This could be attributed to the different types of linkages in the repeat unit. There
are three possible repeat unit linkages, ortho/ortho, ortho/para, and para/para.
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Figure 42. 75.5 MHz 13C NMR spectrum (CDCl3) of 7 and 10
3.10.3 Polymer characterization and thermal properties
Size exclusion chromatography (SEC), differential scanning calorimetry (DSC),
and thermal gravimetric analysis (TGA), were used to evaluate the properties of polymers
9 and 10. The percent yield, number average molecular weight (Mn), weight average
molecular weight (Mw), polydispersity index (PDI), glass transition temperature (Tg), and
5% decomposition temperature (Td5%) under nitrogen and air for polymers 9 and 10 are
given in Table 2.
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Table 2. Polymer characterization data for 9 and 10
Polymer

% Yield

Mn
(g/mol)

Mw
(g/mol)

PDI

Tg ˚C

Td5% ˚C
N2

9

88.5

67,000

78,000

2.25

128

344

10

46.8

37,600

47,800

2.16

153

335

Molecular weights were found using a triple calibration by light scattering
detector. The number average molecular weights of 9 and 10 were found to be 67,000
and 37,600 Daltons with PDI values of 2.25 and 2.16, respectively. The isolated yield of
10 is significantly lower than that of 9, which could be due to a greater tendency to form
cyclic oligomers with monomer 7. The SEC traces of crude and reverse reprecipitated
samples of 9 and 10 are illustrated in Figure 43. Reverse reprecipitation using
THF/ethanol was successful in removing low molecular weight oligomeric species.

Figure 43. SEC (RI signal) traces of crude and reverse reprecipitated polymers 9 and 10

90

The thermal properties of polymers 9 and 10 were evaluated using TGA and DSC.
The TGA traces for these materials under a nitrogen atmosphere are depicted in Figure
44. Polymer 9 has three degradation steps. The first step accounts for about a 9% weight
loss, the second step accounts for an 18% weight loss, and the third step accounts for
about a 25% weight loss. Polymer 10 has two degradation steps. The first accounts for
about an 8% weight loss and the second step accounts for a 53% weight loss. The Td5%
values for 9 and 10 are 344 ˚C and 335 ˚C, respectively.

10
9

Figure 44. TGA thermograms of 9 and 10 (under a nitrogen atmosphere)
The DSC traces of polymers 9 and 10 are depicted in Figure 45. The glass
transition temperatures of 9 and 10 were found to be 128 ˚C and 153 ˚C, respectively.
The higher Tg of 10 could indicate that the polymer has a more rigid polymer backbone.
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10
9

Figure 45. DSC traces for polymers 9 and 10
3.11 Iodination of sulfonamide monomers 6 and 7
3.11.1 Synthesis of 3,5-difluoro-N,N-bis(4-iodophenyl)benzenesulfonamide (11)
F

F

O S O
N

F
O

F

5% H2SO4
in Acetic Acid

I
N
O

O S O
N

25 ˚C, 72 hrs.

I

I

6

11

	
  

Scheme 39. Synthesis of 3,5-DF-N,N-bis(4-IP)BSA (11)
The electrophilic iodination of 6 resulted in 3,5-DF-N,N-bis(4-IP)BSA (11). The
structure of 11 was confirmed using 1H,

13

C CPD, and

19

F NMR spectroscopy and

elemental analysis. The 1H NMR spectrum of 11 is illustrated below in Figure 46 and
contains four unique signals. The most upfield signal, “c” has a chemical shift of 7.00
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ppm appears as a multiplet and accounts for four protons. Proton “c” is located ortho to
nitrogen, a resonance donor. Peak “a” at 7.10 ppm accounts for one proton and appears as
a triplet of triplets due to coupling with two ortho fluorine atoms with identical coupling
constants (Jo-F = 8.40 Hz) and two meta protons with identical coupling constants (Jm-H =
2.32 Hz). Peak “b” at 7.25 ppm accounts for two protons and appears a multiplet. Signals
“c”, “a”, and “b” are shifted upfield due to ortho or para orientation with resonance
donors. Peak “d” at 7.70 ppm appears as a multiplet and accounts for the four protons
located meta to nitrogen and ortho to iodo. The inductively withdrawing nature of iodo
shifts this signal downfield.

Figure 46. 300 MHz 1H NMR spectrum (CDCl3) of 3,5-DF-N,N-bis(4-IP)BSA (11)
The 13C NMR spectra of 6 and 11 are illustrated in an overlay in Figure 47. There
are eight unique signals in the 13C NMR spectrum of 11. Peak “h” at 93.7 ppm is shifted
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upfield of peak “h” in 6. Signal “g” is shifted downfield to 138.9 ppm due to the
inductively withdrawing nature of the new ortho iodo group.

Figure 47. 75.5 MHz 13C NMR overlay (CDCl3) of 6 and 11
3.11.2 Synthesis of 2,4-difluoro-N,N-bis(4-iodophenyl)benzenesulfonamide (12)
F
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25 ˚C, 72 hrs.

I
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Scheme 40. Synthesis of 2,4-DF-N,N-bis(4-IP)BSA (12)
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The electrophilic iodination of 7 resulted in 2,4-DF-N,N-bis(4-IP)BSA (12). The
structure of 12 was confirmed using 1H,

13

C CPD, and

19

F NMR spectroscopy and

elemental analysis. The 1H NMR spectrum of 12 is illustrated in Figure 48. The most
upfield signal, “d” appears as a multiplet at 7.11 ppm. Peak “a” at 7.27 ppm also appears
as a multiplet. Peak “b” appears as a doublet of doublet of doublets at 7.56 ppm due to
coupling with an ortho fluorine (Jo-F = 10.70 Hz), an ortho proton (Jo-H = 9.06 Hz), and a
meta fluorine (Jm-F = 2.40 Hz). Peak “e” appears as a multiplet at 7.73 ppm. Peak “c”
appears as a triplet of doublets at 7.81 ppm due to coupling with two meta fluorine atoms
(Jm-F = 8.62 Hz) and an ortho proton (Jo-H = 6.17 Hz).

Figure 48. 300 MHz 1H NMR spectrum (CDCl3) of 3,5-DF-N,N-bis(4-IP)BSA (12)
The 13C NMR spectra of 7 and 12 are illustrated in an overlay in Figure 49. There
are ten unique signals in the

13

C NMR spectrum of 12. Peak “h” at 94.7 ppm is shifted

upfield of peak “h” in 7. Signal “g” is shifted downfield to 138.9 ppm due to the
inductively withdrawing nature of the new ortho iodo group.
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Figure 49. 75.5 MHz 13C NMR overlay (CDCl3) of 7 and 12
3.12 Model studies of 11 using tert-butyl phenol
After the successful synthesis of 11, a sulfonamide activated monomer for NAS
containing two pendent iodo phenyl groups, polymerization was attempted simulating the
reaction conditions used to synthesize 9. Equal molar quantities of 11 and Bisphenol-A
were reacted in the presence of K2CO3 base in NMP at 185 ˚C for 21 hours. Analysis of
an aliquot by DEPT 90 13C NMR spectroscopy suggested that a side reaction might have
occurred. In an attempt to make sense of the inconclusive DEPT 90 13C NMR data of the
polymerization reaction of 11, a model study was conducted to determine what side
reactions were occurring.
F

F

O S O
N
I

NMP
K2CO3

HO
(2 eq.)

∆ 185 ˚C, 21+ hrs.

I

Scheme 41. Model reaction of 11 in NMP at 185 ˚C for 21+ hours with K2CO3 base
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In the first model study conducted, the polymerization reaction conditions were
simulated. The monomer, 11 was reacted with two equivalents of tert-butyl phenol using
NMP as solvent with K2CO3 as base at a reaction temperature of 185 ˚C. In the 3,5systems, fluorine group displacement may be monitored using DEPT 90

13

C NMR

spectroscopy, specifically by looking at the C-H of the fluorinated ring in the chemical
shift range of 110-112 ppm. When one fluorine atom is displaced, the carbon atom in
between the two fluorines collapses from a triplet to a doublet and the carbon atom ortho
and para to the fluorines will collapse from a doublet of doublets to a doublet. Once both
fluorines are displaced, all signals in the DEPT 90 spectrum will become singlets. This
reaction was analyzed using DEPT 90 after 21 hours. Multiple overlapping signals
appeared in the chemical shift range of 107-112 ppm. Assuming incomplete fluorine
displacement, the reactants were heated for an additional 8 hours at which point analysis
by 1H, 13C, and DEPT 90 NMR spectroscopy indicated the formation of a side product.
The spectral 13C NMR overlay of 11 and the NMP/185 ˚C/29h/K2CO3 model reaction is
depicted in Figure 50. It is believed that fluoride ions in solution are displacing 4,4’iododiphenylamine. The signals in the

13

C NMR spectrum correlating to di-substituted

model compound from 11 are all duplicated. Red peaks “h”, “g”, “f”, and “e” all correlate
to the predicted chemical shifts of 4,4’-iododiphenylamine.
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Figure 50. 75.5 MHz 13C NMR overlay (DMSO-d6) of 11 and NMP/185 ˚C/29h/K2CO3
model reaction
A series of reactions were set up in order to try to limit the formation of the side
product. Side product formation was monitored by the presence of a second C-I bond at
about 82 ppm in the

13

C CPD NMR spectra of the reaction mixtures. The different

reaction conditions are outlined in Table 3. The first reaction (a), which was previously
discussed, was a model reaction using two equivalents tert-butyl phenol, in NMP, at 185
˚C for a total reaction time of 29 hours, with K2CO3 as base. Reaction (b) was conducted
in the same solvent and with base as in (a), however, the reaction temperature was
decreased to 150 ˚C for 24 hours. This was done to see if temperature had an effect on
side product formation. As illustrated in the 13C NMR spectrum in Figure 51, there is a
decrease in the formation of the side product as monitored by C-I bond formation.
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However, more experiments need to be conducted in order to attempt to completely
eliminate the side product. The reaction conditions outlined for (c) are identical for those
of (b) with the only exception being reaction time. Monomer 11 was allowed to react
with two equivalents tert-butyl phenol in NMP at 150 ˚C with K2CO3 as base for 4 hours
at which point analysis by DEPT 90 NMR spectroscopy indicated incomplete conversion
of starting materials to the desired model compound. The reactants were heated for an
additional 4 hours at which point DEPT 90 NMR spectroscopy indicated complete
conversion of starting materials to the desired model compound. However, although the
decreased reaction time of (c) did decrease the formation of the second C-I bond at about
82 ppm, the side product formation was not eliminated. Experiment (d) changed the
reaction conditions in three ways; DMSO was used as solvent, which is more polar than
NMP and allows the reaction time to be decreased to 4 hours with complete conversion
of 11 to desired product. This greatly decreased the formation of the side product, as
monitored by a decrease in intensity of the second C-I bond in the

13

C NMR spectrum

(Figure 51). The reaction conditions of (d) were simulated for a polymerization reaction
(e) using equal molar quantities of 11 with Bisphenol-A in DMSO at 120 ˚C for 4 hours
with K2CO3 as base. Unfortunately, the

13

C NMR spectrum of (e) indicated a greater

formation of the side product than previously expected (Figure 52).
Reaction conditions for (f) and (g) were now altered by the use of equimolar
quantities of CaCO3 and K2CO3 as base. Because the side product is believed to be
caused by the displacement of bis-4-iododiphenylamine by a fluoride ion displaced from
11 by NAS, CaCO3 was used in an attempt to trap the fluoride ion by Ca2+, a harder
cation than K+. Reaction (f) was run in DMSO at 120˚C for 20 hours and resulted in zero
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side product formation as indicated by the lack of a second C-I bond at 82 ppm.
Unfortunately however, polymerization using this solvent system was not successful due
to the insolubility of the resultant polymer in DMSO. Reaction (g) utilized CaCO3 and
K2CO3 as base in NMP for a period of 48 hours. Unfortunately here, the side product is
formed as indicated by the presences of a second C-I bond at 82 ppm (Figure 52).
Table 3. Model studies and polymerization reactions using 11 with various reaction
conditions
Reaction

Solvent

Temp (˚C)

Time (hrs.)

Base

(a)

Model

NMP

185

29

K2CO3

(b)

Model

NMP

150

24

K2CO3

(c)

Model

NMP

150

8

K2CO3

(d)

Model

DMSO

120

4

K2CO3

(e)

Polymer

DMSO

120

4

K2CO3

(f)

Model

DMSO

120

20

(g)

Model

NMP

150

48

100

CaCO3:
K2CO3
CaCO3:
K2CO3

Figure 51. 75.5 MHz 13C NMR overlay (DMSO-d6) of (a), (b), (c), and (d) (Table 3)

Figure 52. 75.5 MHz 13C NMR overlay (DMSO-d6) of (d), (e), (f), and (g) (Table 3)
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4.

Conclusions

Four isomers of difluorodiphenyl sulfone carrying pendent phenyl sulfone groups
have been synthesized (1-4) in order to study their uses for the preparation of PAES.
Electrophilic halogenation was utilized to introduce a truly pendent iodo moiety in “pre”
functionalization.13C NMR Spectroscopy was used to probe the reactivity of 1-4 toward
EAS; the analysis indicated that the most electron rich carbon atoms reside on the
fluorinated ring. In the cases of 1 and 2, iodination has indicated that reactivity does not
always correlate to intermediate stability. The iodination of 1 and 2 occurs almost
exclusively on the pendent, non-fluorinated phenyl groups. Reaction of 3 places the
incoming iodo groups almost exclusively on the fluorinated ring, while 4 results in a
mixture of products making these systems undesirable for PAES carrying a truly pendent
iodo group. A model study of 2 indicated that the system is unable undergo
polymerization by NAS. Only 1 provides the ability to synthesize PAES carrying a truly
pendent iodo group.
Two isomers of 3,5-difluoro-N,N-diphenylbenzene sulfonamide carrying two
pendent phenyl rings (6 and 7) have been synthesized. A competition reaction using equal
molar quantities of 6 and 7 with three equivalents of tert-butyl phenol has indicated that
the three most reactive sites for NAS reside at the ortho and para fluorines of 7 and one
of the meta fluorines in 6, indicating that the pendent N,N-diphenylbenzene sulfonamide
moiety does not sterically hinder 7 at the ortho position. A model study of 6 with two
equivalents of tert-butyl phenol resulted in the formation of a di-substituted model
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compound 8 in high yields. Monomers 6 and 7 were successfully utilized for nucleophilic
polycondensation chemistry to form polymers 9 and 10, respectively. The resultant
polymers had similar thermal properties, as determined by TGA (Td5% = 344 and 335 ˚C,
respectively) and DSC (Tg = 128 and 153 ˚C, respectively). The number average
molecular weights of 9 and 10 were determined by SEC which indicated Mn = 67,000
and 37,600 Da, respectively.
Monomer 6 was successfully pre functionalized by electrophilic iodination
methods, resulting in 11, which carries two pendent iodo groups. Polymerization of 11
resulted in the formation of a side product believed to be caused by the displacement of
bis-4-iododiphenylamine by the fluoride leaving group in NAS. Model studies confirmed
the formation of the side product. A series of reactions were run in order to limit the
formation of the side product with reaction conditions (f) being ideal for the limitation of
side product formation in the model reactions. Unfortunately, the polymer is not soluble
in DMSO, so other reaction conditions need to be tested for polymerization reactions.
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5.

Proposed future work

The polymerization of 11 is desired in order to obtain a poly (arylene ether
sulfonamide) carrying two pendent iodo groups, which can later be converted by post
modification chemistry. Post modification of this polymer with carbazole could be useful
for organic LEDs.
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